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FOREWORD 
This document contains the resu l t s  of the RNS project  
requ i rements  definition effort  pe r fo rmed  during the P h a s e  111 
Nuclear  Shuttle Sys t em Definition Study. Requirements  fo r  both 
RNS concepts a r e  t r e a t ed  h e r e .  This  work was accomplished f o r  
the National Aeronautics and Space Administrat ion,  George C.. 
Marsha l l  Space Flight  Center ,  Huntsville, Alabama, under 
Contract  NAS8-24714. The, f inal  r epo r t  was  generated to fulfill  
the requ i rements  of DRL No. MSFC-DRL- 196, Line I t em 3, and 
it cove r s  the per iod f r o m  1 May 1970 to 1 May 1971. 
The study effort  descr ibed  in this  volume was per formed  under 
the di rect ion of S. Gronich and R. G. Riedesel ,  with G. Markus  
having the p r i m a r y  responsibil i ty fo r  the functional analysis  
effort .  Additional support  was  provided by the var ious  m e m b e r s  
of the study t e a m  in the a r e a s  of s y s t e m  operations and system. 
design.  

PREFACE 
The m a t e r i a l  contained in  th is  document r e p r e s n e t s  a port ion of the final 
r epo r t  documentation fo r  the Phase  I11 Nuclear  Shuttle Sys tem Definition 
Study. The study effor t  was  per fo rmed  a s  a 12-month extension to  the exist ing 
Nuclear Flight  Sys tem Definition Study Contract  (NAS8-24714), with the 
objective of es tabl ishing Phase  A conceptual  definition fo r  two c l a s s e s  of 
reusab le  nuc lea r  shuttle concepts.  The f i r s t  concept c l a s s  i s  cha r ac t e r i z ed  
a s  a 33-ft  - d i ame te r  configuration that i s  launched in tegral ly  to orbi t  by a 
Saturn  V INT-21 vehicle.  The second concept c l a s s  i s  cha r ac t e r i z ed  a s  a 
modular  configuration which i s  a s s emb led  in  e a r t h  orbi t  f r o m  modules  
c a r r i e d  to o rb i t  in a space  shuttle. 
The f inal  r epo r t  documentation h a s  been organized to provide separab le  
informat ion fo r  the two concepts,  where  appropr ia te ,  and to combine repor t  
m a t e r i a l  common to both concepts  in  s ingular  documents.  The total  
documentation fo r  the study i s  l i s t ed  below, with this  document identified in 
the left  marg in .  
0 Volume I: Executive Summary  
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0 Book 2-System Definition 
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0 P a r t  A-Class 1 Hybrid RNS 
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Requi rements  
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Section 1 
RNS PROJECT 
The RNS Project  Requirements Document contains a l l  working data f rom 
functional analysis and operations analysis activities conducted during the 
RNS Phase I11 study. In addition, the document is envisioned a s  containing 
ail other programmatic  information affecting the nuclear shuttle. Much of 
the mater ia l  presently contained in the guidelines and constraints document 
iurmshed by NASA (MSFC Document No. PD-SA-P-70-63, Revision 3, 
dated February  1, 1971) has  also been included here  a s  a basis ,  with the 
lntent s f  updating mater ia l  a s  warranted during future RNS study activities. 
Pertinent data f r o m  this document could be used at  a la te r  date to formulate 
an  XniS sys tem specification, a s  well a s  to provide interface requirements 
Information for use by other elements of the integrated space program. 
I ,  I GENERAL 
A Reusable Nuclear Shuttle (RNS) will be used to t ransport  a payload (cargo 
and/or personnel) a s  par t  of a low-cost space transportation system. 
It wi l l  be capable of performing the following c lasses  of missions:  
A, Luna.r/geosynchronous orbit  shuttle missions (Class I) 
B, Unmanned planetary missions (Class 11) 
C ,  Manned planetary missions (Class  111) 
The specific objectives of the program a r e  to support the exploration of space: 
A, By providing an economically attractive and safe source of 
transportation. 
B, By demonstrating the practicali ty of establishing, operating, and 
maintaining long- lived transportation elements.  
C. By developing new operational techniques and equipment which can 
substantially reduce the operating costs associated with space 
transportation. 
1. 2 MISSIONS 
1. 2. 1 Design and Per formance  Reference 
The RNS will be used to t ranspor t  manned and unmanned payloads between 
low ea r th  orbit  and lunar orbit .  The reference lunar miss ion  for perfor- 
mance reporting purposes  and wors t  condition design analysis will be 
charac te r ized  by the following: 
Ea r th  depar ture  / a r r i v a l  orbi t  altitude 260 nmi  
Ea r th  depa r tu re l a r r iva l  orbi t  inclination 3 1. 5 degrees  
Lunar a r r iva l ldepa r tu re  orbit  altitude 60 nmi  
Lunar a r r iva l ldepa r tu re  orbit  inclination 90 degrees  
Earth-to-moon coast  t ime 108 hours  
Moon-to-earth coast  t ime 72 hours  
Lunar a r r i v a l  plane change 
Lunar depar ture  plane change 
Midcourse AV 
30 degrees  
30 degrees  
50 fps pe r  miss ion leg 
Flight performance r e se rve  0. 75 percent baV 
Multiple impulse maneuvers  may be used for  accomplishing pla-i-ie change 
maneuvers  . 
Table 1 - 1 presen ts  the reference mission t imeline.  
1. 2. 2 Economics and Operations Reference 
The RNS will be used to t ranspor t  manned and unmanned payloads betwee:; 
low ea r th  orbi t  and lunar orbit .  F o r  economics and operations analyses, 
the miss ion  profile to be considered will  consis t  of the minimum-energy 
t r ans fe r ,  having the following charac te r i s t ics :  
E a r t h  depa r tu re l a r r iva l  orbi t  altitude 260 nmi  
E a r t h  depa r tu re l a r r iva l  orbit  inclination 3 1. 5 degrees  
Lunar a r r iva l ldepa r tu re  orbit  altitude 60 nmi  
Lunar a r r iva l ldepa r tu re  orbit  inclination 90 degrees  
Ear th- to-moon coast  t ime 108 hours 
Moon- to -ear th  coast  t ime 72 hours  
Midcourse AV 
Flight performance r e se rve  
50 fps  / m i s s  ion leg 
0. 75 percent AV 
Table  1- 1 
LUNAR SHUTTLE MISSION TIMELINE-DESIGN PROFILE  
Event 
T i m e  4, .a- 
Hour s TBi + A t  Comment  
'Translunar injection (T LI)  
Star t  chill 0 
Full th rus t  achieved 0 
Corilmenc e th ro t t l e  0. 5 
Star t  pulse cooldown 0. 75 
Terminate  cooldown 120.75 
Midcourse c o r r e c t i o n ( s )  10-70 ( ~ Y P )  
Lunar orbit inject ion (LO1)-I 
Star t  chill 108. 5 
Full th rus t  achieved 108. 5 
Commence th ro t t l e  108. 5 
Star t  pulse cooldown 108. 6 
Terminate  cooldown 121. 1 
Apolune plane change 
Star t  chill 120 .5  
Full  th rus t  achieved 120 .5  
Commence th ro t t l e  120 .5  
S t a r t p u l s  e cooldown 120. 6 
Terminate  cooldown 125. 5 
Lunar orbit inject ion (LO1)-I1 
Star t  chili 132. 4 
Full  th rus t  achieved 132. 4 
Commence th ro t t l e  132. 5 
Star t  pulse cooldown 132. 6 
Terminate  cooldown 15 1. 5 
t o  
$1 Min. 
t30 Min. 
t45 Min. 
t o  
t l  Min. 
$2. 2 Min. 
t5 .  4 Min. 
t12 .  6 h r  
t 1 2 . 3  
108-hr t r a n s f e r  
Close  PSoV's ,  
Wp = 165, 730 lb  
5kw, 
Wpcd = 7, 300 l b  
Tota l  Accum. 
AV = 50 fps  
Wp = 1, 030 l b  
(W = 2 l b l s e c )  
24-hr  pe r iod  
30 deg ree s  
t o  
$1 Min. Throt t le  mode  
(45, 000-lb t h r u s t )  
$1. 4 Min. 
f4. 2 Min. Wp- 4, 800 l b  
t 5  h r  Wpcd - 360 l b  
60-nmi c i r cu l a r  
t o  
t l  Min. 
$3. 7 Min. 
+7. 8 Min. Wp = 19, 330 l b  
t19.  1 h r  Wpcd, = 1, 350 lb  
Lunar orbi t  operat ions  
'I'TB. E Time  Base  
1 
Table 1- 1 (Continued.) 
LUNAR SHUTTLE MISSION TIMELINE-DESIGN PROFILE 
Event 
Time 4, *t- 
Hours TBi t At C ornrnent 
T ransea r th  injection (TE1)-I 
S ta r t  chill 
Full  th rus t  achieved. 
Commence throt t le  
S ta r t  pulse coold.own 
Terminate  coold.own 
Apolune plane change 
Star t  chill 
Full  th rus t  achieved 
Commence throt t le  
Star t  pulse coold.own 
Terminate  cooldown 
24-hr Period 
t o  
t 1  Min. 
t2 .  4 Min. 
t5 .  8 Min. Wp = 11, 860 Ib 
t14. 1 h r  Wpcd = 850 1b 
t o  
t 1 Min. Thrott le mode  
(45, 000-Ib thrust) 
t 1 Min. 
t 3 . 5 M i n .  W p - 2 , 7 0 0 I b  
t 3  h r  Wpcd - 250 Ib 
Transear th  injection (TE1)-I1 72-hr transfer 
Star t  chill 542. 9 t O  
Full  t h rus t  achieved 542. 9 t l  Min. 
Commence throt t le  542. 9 t1 .  7 Min. 
Star t  pulse cooldown 543.0 t4 .  8 Min. Wp = 8, 200 ib 
Termina te  cooldown 553 .1  t10. 1 h r  Wpcd = 600 Ib 
Mid.course cor rec t ion(s )  558-603 - -- Total accum. 
AV = 50 fps 
Wp = 500 lb  
(G = 2 l b / s e c )  
Ea r th  orb i t  injection (EOI) 
Star t  chil l  614. 8 +O 
Full  t h rus t  achieved 614. 8 t 1  Min. 
Commence throt t le  614. 9 t8.  8 Min. 
S ta r t  pulse cooldown 615. 1 t15.  2 Min. Wp = 47, 530 Bb 
Terminate  cooldown 660. 1 t45 h r  Wpcd = 2, 800 lb  
Ea r th  orb i t  operations 
':'TB. Time Base 
1 
- - 
'fable 1 - 2  presents  the corresponding mission timeline. 
1. 2.  3 Additional Missions 
Although the RNS will be designed for  the lunar shuttle mission, it will have 
the capability to pe r fo rm the following: 
A. The RNS will be used to t ransport  manned and unmanned payloads 
between low earth orbit and geosynchronous orbit. The reference 
geos.ynchronous mission for  performance reporting purposes will 
be character ized by the following: 
Ear th  depa r tu re l a r r iva l  orbit  altitude 260 nmi 
Ear th  depa r tu re l a r r iva l  orbit  inclination 3 1. 5 degrees 
Geosynchronous ar r iva l /depar ture /orb i t  
Inclination 
Midcourse AV 
0 degrees 
50 fps per  mission 
leg 
B. An evolutionary version of the RNS will be used to provide propulsion 
for manned Mars  missions.  F o r  the purpose of this study, a 1986 
outbound Venus swingby Mars  mission and a 1990 conjunction c lass  
Mars  mission will be evaluated. The stopover t ime for the Venus 
swingby mission will be 60 days. The reference mission guidelines 
a r e  a s  follows: 
Ear th  a s  sembly/departure  orbit  inclination 
Ear th  a s s  embly/departure  orbit  altitude 
Ear th  assembly/departure  orbit  
eccentricity 
Mars  parking /orbit-periapsis altitude 
elliptic orbit  period 
Ear th  a r r i v a l  orbit-periapsis altitude 
elliptic orbit  period 
Midcourse correct ion AV allowance/ 
mission leg 
Mars  orbit t r i m  AV 
31. 5 degrees 
260 nmi 
0 
270 nmi  
1 2 hours 
270 nmi  
24 hours 
500 fps 
150 fps 
An alternate ear th  assembly/departure  orbit  eccentricity may be used, but 
mission weight requirements will include orbit-to- orbit  RNS propellant f r o m  
the 260-nmi c i rcu lar  orbit. 
Table 1-2 
LUNAR SHUTTLE MISSION TIMELINE 
FOUR- BURN OPERATIONAL PROFILE 
Event 
Initiation RNS 
Time Propellant 
(Days) Duration Used  (lb) 
Ground launch of shuttle to 260-nmi 
operational orbi t  
Orbit assembly  and checkout operations 
Trans lunar  injection (108-hr t r ans fe r )  
Cooldown 
Midcourse co r r ec t ion ( s )  (idle mode)  
Inser t ion into 60-nmi lunar orbit  
Cooldown 
Lunar orbi t  operations 
T ransea r th  injection (72-hr t r ans fe r )  
Cooldown 
Midcourse cor rec t ion(s )  (idle mode)  
E a r t h  orbi t  inser t ion 
Cooldown 
- 
9 days 
47 rnin 
125 h r  
9 min 
11 min 
33 h r  
18. 1 days 
7. 8 mi11 
23 h r  
4. 2 mi12 
15. 2 mil? 
45 h r  
1 .3  OPERATIONS 
A f i r s t  flight t es t  of the RNS will be in mid-calendar  yea r  1979. 
Init ial  operating capability (IOC) for  the RNS will be in calendar year 1981 
The RNS may have a n  operational interface with the following s y s t e m  elements  
cur ren t ly  included in NASA planning: 
A. E a r t h  orbi ta l  space s ta t ionlbase 
B. Space shuttle 
C .  Propel lant  depot 
D. Space tug 
E. Lunar orbi t  space station and surface base  
F. Manned and unmanned payloads 
G. Manned planetary miss ion  spacecraf t  
The p r o g r a m  model  wil l  consist  of lunar shuttle miss ions only. 
The range of lunar miss ion  flights will consider 2, 4, 6, and 8 RNS flights 
p e r  yea r .  
Ea r th  r e tu rn  payload for  each flight will be assumed to be 20, 000 lb. 
Two space shutt le payload capabilities will  be considered for  determining 
the number of space shuttle flights required to support  the RNS: 
A.  25, 000-lb capability to 55-degree inclination and 270 nmi  yielding 
33, 000-lb to 260 nmi  x 3 1. 5-degree orbit  
B. 40, 000-lb capability to 55-degree inclination and 270 nmi  yielding 
50, 000-lb to 260 nmi  x 3 1. 5-degree orbit .  
The operational p rog ram will be 10 yea r s .  
In-orbit maintenance and propellant refueling of the RNS will  be accomplished 
only a t  the RNS operations orbi t  defined in Section 1. 2.  
The RNS will  have automated rendezvous and docking capability. 
The RNS as t r ion ics  sys t em will  be independent of payload. 
F o r  manned operations,  c r ew will  have over r ide  capability for RNS control .  
The RNS will be checked out in the RNS operations orbi t  p r io r  to each 
m i s  s ion. 
Payloads,  LH2 propellants,  and maintenance supplies for  the RNS will be 
del ivered by the logist ics vehicle and assembled  in the RNS operations 
orbit .  
The space tug may be used to maneuver  the payload to the RNS for  
a s s e m b i ) ~ .  
The RNS will maintain attitude control  while the payload is  maneuvered and 
docked to the RNS. 
F ina l  automated checkout of the vehicle occurs  af ter  payload docking. 
Aftercooling pulses on the RNS during a miss ion  will be used to  the maximum 
prac t ica l  extent for  f inal  velocity attainment, midcourse  correct ions ,  and /o r  
g r o  s rendezvous maneuvers .  
Payload t r ans fe r  between RNS and the lunar space station o r  geosynchronous 
space station may  be accomplished by the space tug. 
During lunar o r  geosynchronous orbi t  operations,  the RNS will r ema in  a t  a 
safe distance f r o m  and in the s a m e  orbi t  a s  the lunar o r  geosynchronous 
space station. The distance i s  to be determined by radiation dose c r i t e r i a  
defined i ?  Section 1. 4. 
I .  4 S A F E T Y  
The RNS will be man-  rated.  
A l l  credible single fa i lure  modes o r  credible combinations of fa i lures  and 
e r r o r s  which resu l t  in loss  of c r ew and passengers  o r  unacceptable r i sk  to 
general  population groups will be eliminated by design change and /o r  miss ion  
rnodifbcaf:ion. 
No single fa i lure  o r  credible combination of fa i lures  and e r r o r s  will prevent 
o r  preclude operation of the NERVA engine in the emergency mode. 
Total  radiation dose f r o m  the NERVA engine and rela ted sources  during 
reac tor  power operation will be l imited to 10 REM p e r  passenger  pe r  round 
t r i p  shuttle miss ion.  Payload and spacecraf t  attenuation, unless specifically 
estimated,  will  be assumed to be negligible. If a need is  identified for  a 
c rew member  to make m o r e  than one t r i p  pe r  year ,  additional protection 
mus t  be provided so  that the dose p e r  t r i p  to that c r ew member  is  reduced 
proportionately.  Limits  for  passenger  o r  c r ew radiation doses  f r o m  post-  
shutdown NERVA sources ,  other nuclear  sys tems ,  and natural  space radia-  
tion a r e  not specified. However, no assumption o r  requirement  of any 
nuclear  stage operations o r  configuration should cause the additional dose 
received f r o m  these sources  to exceed 10 REM pe r  round t r ip .  
RNS maintenance personnel  will  not receive m o r e  than 2 5  REM pe r  year  
f r o m  the RNS. 
Total  integrated radiation dose f r o m  the RNS to any manned space station o r  
manned orbi ta l  sys t em will not exceed 0. 1 REM during any single NERVA 
engine burn. 
Additional safety guidelines a r e  defined in a paper  by F. Gavigan, 
"Operational Safety of Nuclear Rockets.  I '  
1. 5 RELIABILITY 
The RNS will be designed to achieve a reliabil i ty of 0. 975 for  the intransi t  
phase of each flight. The RNS subsys tems  will  be designed to achieve the 
reliabil i ty allocations in Tables 1-3 and 1-4. 
1 . 6  MAINTAINABILITY 
Sys tem maintenance will be considered to affect economic operation. of the  
RNS which requi res  multiple use.  Provis ions  for  maintenance shal l  be an 
integral  pa r t  of the s ys t e m  design. The following maintainability c r i t e r i a  
will  be implemented: 
A. The level of in si tu maintenance wil l  be by module replacement .  
B. Man's role  for  in s i tu  maintenance will  be minimized. 
C .  Location of t e r r e s t r i a l  maintenance and level  of refurbishment 
TBD. 
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Section 2 
PROJECT INTEGRATION DATA 
2 .1  RNS SYST'EM DEFINITION 
The RNS design concepts will provide low-cost  t ransporta t ion for support of 
the projected lunar  exploration program.  Two c l a s se s  of RNS conceph  t o  be 
considered a r e :  
A. A three-module  sys tem using a 33-ft-diameter single propellant 
tank configuration, propulsion module, and command and contr ol 
module, that a r e  launched t o  orbit  by the Saturn INT- 21 vehicle and 
the space shuttle. 
B. A multiple-tank configuration which i s  assembled in ea r th  orbit  
f r o m  modules c a r r i e d  to  orbit  in a space shuttle. 
F igures  2-1 and 2-2 presen t  typical conceptual drawings of the two 
configurations. 
Initial RNS design concepts will ref lect  a 1974 state- of- the- a r t ;  
consideration will be given to  l a t e r  incorporation of m o r e  advanced 
technology. 
e All vers ions  of the  RNS will be man-ra ted ,  i .  e . ,  they will meet all 
s t ruc tura l ,  mater ia l ,  and quality s tandards  required for manned 
application. 
e Government facil i t ies and associated uti l i t ies and special  t es t  
equipment will be used to  the  maximum extent possible .  This i s  
par t icular ly  so in relation to  the ground and flight demons.tration 
p rog rams  and the supporting technology p rog rams .  
cr The design l ifetime for the RNS will be up to  3 y e a r s  in space with 
the capability for  maintenance in ear th  orbit .  
The RNS will be capable of withstanding the applicable natc.r.a.1 
environment, during a l l  phases  of the mission,  a s  specified by 
NASA TM X-53865 and NASA TM X-53872. 
COMMAND AND CONTROL MODULE (6 FTj 
INTEGRAL WAFFLE 
M --- 
INTERMODULE STRUCTURE 
DOCKING INTERFACE 
LIQUID LEVEL SENSORS 
w 
P 
SPRAY NOZZLE 
THERMAL AND METEOROID 
FEED SYSTEM PROTECTION 
PROPULSION MODULE (60 FT) 
L NERVA 
Figure 2-1 CLASS 1 HYBRID RNS 

o The meteoro id  shielding fo r  the  RNS propel lant  t ank ( s )  will be 
designed for a no tank penetra t ion c r i t e r i a .  The RNS will be 
*assumed to  have random orientat ion,  i .  e .  , no  advantage will be  
taken of the  apparen t  d i rect ional i ty  of s t r e a m  meteoro ids .  The 
meteoroid shielding will be designed for  a t  l e a s t  a 0. 995 probabil i ty 
of no tank penetrat ion in one lunar  mi s s ion  (max imum 45 days)  
using the meteoroid  flux c r i t e r i a  of NASA TM X-53865. 
2 .  1 ,  I C lass  1 Hybrid RNS 
The Clas s  1 Hybrid RNS (RNS-1H) i s  a hybrid configuration composed of a 
33-f t -diameter  propellant  module and space  shutt le compatible propulsion 
and command and control  modules .  The propellant  module i s  launched t o  
orbi t  with the  INT- 21 launch vehicle.  The propulsion module and command 
and control  module a r e  launched within t he  space shutt le and mated with the  
propellant module in the  operational  e a r th  orbi t .  The RNS- 1H sys t em i s  
composed of these  modules plus the  GSE,  faci l i t ies ,  t e s t  ha rdware  and 
operations, and sys t ems  management  requ i red  t o  develop, support ,  t e s t ,  
operate and maintain the  sys tem.  
2 . 1  . 1 .  P Propel lant  Module (F igu re  2- 3 )  
The propellant  module provides  fo r  s to rage  of propel lants .  It i s  s ized t o  
contain 2 8 9 ,  150 lb of LH2 with a 5 percen t  ullage volume. It i s  pass ive  and 
respons ive  to  external  control .  The rma l /me teo ro id  protection i s  provided 
through an  integral  s y s t e m  composed of HPI blankets surrounded by foam 
anel f ibe r  g l a s s .  
2, 1 ,  1 . 2 Propuls ion ~ o d L l e  (F igu re  2-4)  
The propulsion module provides  propellant  supply to  the  NERVA through a 
run tank s ized for 10, 850  lb  of LH2. Additionally it provides  the  p r ep re s -  
s u r i z a t i o n  function fo r  engine s t a r t s .  It h a s  a min imum stabil ization and 
control capability fo r  support  of maintenance and a s sembly  operat ions  a s  
well a s  end- of-life d isposal .  The propulsion module i s  designed t o  b e  
launched within the  space shutt le.  


OXYGEN 
Figure 2-5. Class I Hybrid RNS Command and Control Module 
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2 .  1. 1.3 Command and Control Module (Figure 2- 5 ) 
The CCM provides a l l  the astr ionics  functions (navigation guidance and 
control., e lectr ical  power, and data management) a s  well a s  auxiliary 
prapuls ion. Propellant r e  supply of the RNS is  accomplished through the 
CClV. 
2. I .  2 Glass 3 RNS 
The 61as;s 3 RNS (RNS-3) i s  a multiple tank configuration composed of eight 
propellant modules, one propulsion module and one command and control 
module. The elements a r e  launched individually within a space shuttle 
assembled into an  RNS in ea r th  orbit .  The RNS-3 system i s  composed of 
these modules plus the GSE, facil i t ies,  t e s t  hardware and operations and 
systems management required to  develop, support, t e s t ,  operate and maintain 
the RNS- 3.  
2 ,  1. 2. 4 Propellant Modules (F igure  2- 6 )  
The provision for  propellant s torage i s  divided among eight individual 
propellant modules clustered together and having interconnecting plumbing. 
The overall s ize  of each module i s  governed by the payload bay of the space 
shuttle orbi ter ,  i. e .  , 15-ft diameter  by 60 f t  long. The resulting propellant 
capacity .for each module i s  36, 500 lbs  with'a 5 percent ullage volume. 
Thermal/  meteoroid protection i s  provided through an integral system com- 
posed of H P I  blankets and surrounded by foam and fiber glass.  Docking and 
clustering mechanisms a r e  incorporated to  allow on-orbit assembly and 
disassembly. 
2 ,  4 .  2. 2 Propulsion Module (Figure 2-4) 
The propulsion module for the Class 3 RNS i s  identical t o  the RNS- 1 H 
propulsion module. 
2 , $ .  2 . 3  Command and Control Module (Figure 2- 7 )  
The CCLM for Class 3 is  s imilar  to  that for  RNS- lH,  with the exception of 
dimensional charac ter i s t ics .  
2 , 2  PRCiJECT SYSTEM MANAGEMENT 
The data contained in the following paragraphs a r e  intended to provide top 
level pr ogrammatic information regarding the Reusable Nuclear Shuttle 
Project. The data will be updated and expanded a s  appropriated during 
subsequent RNS study phases. 
2.2. 1 Work Breakd.own Structure 
A program WBS to the system level, i. e . ,  level 4, and a project WlBS for the 
RNS to the subsystem level, i. e.  , level 5, a r e  included in Figure 2- 8 .  The 
figure i s  taken directly from the Guidelines and Constraints document 
furnished by MSFC, and serves a s  the basis for formulation of the specifica- 
tion t ree ,  a s  well a s  the definition of primary and secondary functional areas 
in Section 4 of this document. 
2. 2. 2 Specification Tree  
The specification t r e e  for the RNS project is  shown in Figure 2-9. It will be 
modified a s  appropriate during subsequent phases of study. 
2.2.3 Functional Flow Diagram 
The top level functional flow diagram for the RNS i s  shown in Figure 2- 10, 
It i s  applicable to either version of the RNS, and to any mission, with the 
f i rs t  level breakdown of the blocks indicating differences between R:NS 
configurations and missions. These functional flow diagrams a r e  contained 
in Section 4. 
2 .2 .4  Project Level Schematic 
Preliminary top level pictorials of hardware and facilities and their inter- 
relationships a r e  shown in Figures 2- 11 and 2- 12 with emphasis on the 
interactions between facilities and hardware a s  follows: 
Facilities 
Manufacturing 
Testing 
Launch 
Mission control 
Hardware 
RNS elements 
RNS launch vehicle(§ ) 
RNS logistic vehicle 
2.2. 5 Project Schedule 
The project schedule generated during the study is shown in Figure 2- E 3 for 
the RNS program. 
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Section 3 
PROJECT SUPPORT AND INTERFACE REQUIREMENTS 
3 . 1  RNS LAUNCH VEHICLE 
3. 1. 1 General  
The launch vehicle fo r  the Class  1 Hybrid RNS configuration defined i n  
Section 2. 1 i s  the Sa turn  INT-21 vehicle using s tandard J - 2  engines for the 
propellant  module and the space  shutt le f o r  propulsion and command and 
control  modules.  
The launch vehicle fo r  the mult iple module configuration RNS defined in 
Section 2. 1 i s  the space  shutt le f o r  a l l  modules.  
3. 1. 2 Operations 
The Saturn INT-21 vehicle i s  to be launched f r o m  Kennedy Space Center ,  
The space  shutt le i s  to be launched f r o m  Kennedy Space Center .  
Ea r th  launch vehicles will be available a s  requ i red  to support  the RPJS tes t  
p r o g r a m  and subsequent miss ions .  
3. 1. 3 Configurations 
The Saturn INT-21 vehicle i s  defined i n  Boeing Documents D5- 15583, 
"Intermediate-21 Launch Vehicle P re l im ina ry  Descr ipt ion fo r  a Phase  B 
Space Station Design,"  August 22, 1969 and Boeing 5-1085-INT-21-07, 
"Report ,  P r e l im ina ry  Analysis  of INT- 2 1 Launch Vehicle/McDonnelP 
Douglas (MDAC) Space Station Payload-Mission No. 1, " Feb rua ry  23, 1970. 
The  space  shutt le i s  defined in  Section 3. 2. 
3 - 2  RNS LOGISTICS SYSTEM 
3, 2. P General  
The logis t ics  vehicle which supports  the RNS will be used  to t r anspo r t  LH2 
propellant ,  maintenance p a r t s  and supplies,  and payloads f r o m  ea r th  to ea r th  
orbit .  
The logis t ics  vehicle will be the space  shutt le.  
The space  shutt le payload capability to the RNS operations orbi t  i s  defined i n  
F igu re  3- 1. 
3, 2. 2 Configurations - 
The ca rgo  bay of the space  shutt le will be s ized  to have a c l e a r  volume of 
15-ft  d i ame te r  by 60-ft length. Th is  will be in te rpre ted  a s  meaning the 
ex te rna l  d imensions  of the payload may  be up to 15-ft in  d i ame te r  by 60-ft 
long, 
The space  shutt le will have provis ions  fo r  deployment and boarding of a 
cyl indr ical  payload of 15-ft d i ame te r  by 60-ft length. 
The impac t  of a l t e rna te  ca rgo  bay s i z e s  and i nc r ea sed  payload capabil i ty 
over  the basel ine  space  shutt le defined h e r e  will be considered and a s s e s s e d  
i n  t rade  studies.  
3 ,  2. 3 Operations 
- 
The space  shutt le which supports  the RNS will be launched f r o m  Kennedy 
Space Center.  
Space sl-~uttles will be available a s  requ i red  to support  the RNS. 
Baseline operations guidelines fo r  the space  shutt le a r e  defined a s  follows: 
A, The o rb i t e r  s tage  of the space  shutt le will be capable of landing with 
a full payload. 
B. The space  shutt le will have an a l l  azimuth launch capability. 

6, Space shutt le  t r a j e c to ry  des ign load f ac to r s  a r e  3g. 
D. The  space  shut t le  wil l  be  capable  of up to 7 days  of se l f -sus ta ining 
l ifet ime.  F o r  m i s s ions  in  exce s s  of 7 days,  the weight of the 
expendables wil l  be charged  agains t  the payload. 
E, Cargo  e lements  containing hazardous  m a t e r i a l  will have se l f -  
contained protect ive  devices  o r  provis ions  agains t  a l l  h aza rd s .  
F. The IOC date  f o r  the space  shut t le  i s  the second half of 1977. 
Ci. An operat ional  co s t  of $5 mil l ion p e r  launch of the space  shut t le  will 
be  a s sumed  f o r  the nuc lea r  shut t le  s y s t e m  definition s tudies .  
IT. Additional suppor t  functions and in te r face  r equ i r emen t s  a r e  TBD. 
3 , 3  RNS OPERATIONS SUPPORT 
3 - 3 ,  1 .Pi Space Tug, 
Unique requ i rements  imposed  on the space  tug by the RNS operat ions  a r e  
TBD, Guidelines f o r  the space  tug a r e  defined below. 
The space  tug m a y  be used  with the RNS f o r  suppor t  operat ions  in low ear th  
orbit, geosynchronous orbi t ,  and lunar  orbi t .  
The space  tug i s  a  vehicle s y s t e m  that  will v a r y  in geome t r i c  a r r angem en t  of 
its components to adapt  to the speci f ic  m i s s ion  that i t  is called upon to pe r -  
f o r m .  To  accomplish  this  variabil i ty,  the space  tug h a s  four  bas ic  modules  
and appropr ia te  miss ion-or ien ted  kits.  These  a r e :  
Bas ic  Modules 
Crew Module (CM) 
Propuls ion  module (PM/  P P E )  
Cargo  Module (CaM) 
Intel l igence Module (IM) 
Typical  Kits 
Landing Legs  ( L L )  
Environmental  Control  and Life Support  Sys t e m  (EC/  LS) 
Manipulator A r m s  (MA) 
Propuls ion  Module-Secondary ( P M / S P E )  
Extendable Support  A r m s  (ESA) 
The CM, a s  an  RNS payload, will house  m e n  during t r a n s f e r  between Pow 
ea r t h  orbi t  and the geosynchronous orbi t  space  s ta t ion o r  the lunar  orbi t  space  
stat ion.  The CM in conjunction with the P M / P P E  and assoc ia ted  k i t s  car, 
s e r v i c e  and suppor t  the RNS a s  requ i red .  Bas ic  cha r ac t e r i s t i c s  and requ i re -  
men t s  of the CM a r e  a s  follows: 
A. Support  up to th ree  m e n  f o r  28 days  plus 14 days  contingency i n  
e a r t h  o rb i t  f o r  s e r v i c e  and suppor t  of the RNS. 
B. Support  up to s i x  m e n  f o r  14 days plus 14 days contingency as a 
c r e w  t r a n s p o r t e r  f r o m  low e a r t h  orbi t  to geosynchronous o r  lunar 
orb i t  and re tu rn .  
C. CM g r o s s  weight i s  15, 000 lb. 
In addition to s e r v i c e  and suppor t  of the RNS, the P M / P P E  will  be used  to  
t r a n s f e r  payloads f r o m  the lunar  o rb i t  space  s ta t ion to the lunar  su r f ace  and 
re tu rn .  Cha rac t e r i s t i c s  and r equ i r emen t s  of the P M / P P E  a r e  a s  fol.lows: 
A. Land and r e t u r n  payloads of up  to 20, 000 lb  on lunar  su r f ace  f r o m  
lunar  orbi t .  
B. Dry  weight of P M / P P E  i s  10, 000 lb. 
C. Maximum propel lant  capaci ty  of P M / P P E  is 60, 000 lb of L O Z / L H  2"  
The CaM will  be u sed  to c a r r y  d i s c r e t i ona ry  payload i n  i n t e r l i n t r a  o rb i t  
c a rgo  t r a n s f e r  and f r o m  lunar  o rb i t  to lunar  su r face .  The CaM weight is 
4, 000 lb, empty. 
The weights of typical ki ts  a r e  a s  follows: 
L L  5, 000 lb 
EC/LS  5, 000 lb  
IM 2, 000 lb  
MA 500 lb 
3. 3. 2 Luna r  Orbi ta l  Space Stat ion and Luna r  Surface  Base  
A lunar  o rb i t a l  space  s ta t ion  wil l  be in  a 60-nmi c i r c u l a r  o rb i t  inclined at 
90 d e g r e s s  to the equator.  Additional guidelines f o r  the lunar  o rb i t a l  space  
s ta t ion and lunar  su r f ace  ba se  a r e  defined below. 
The lunar  o rb i t  space  s ta t ion wil l  begin operat ions  in TBD. 
The lunar  o rb i t  space  s ta t ion is ini t ial ly de l ive red  f r o m  e a r t h  o rb i t  to po la r  
lunar  o rb i t  by the RNS. 
The lunar  o rb i t  space  s ta t ion configuration is an  a s semb ly  of four  decks ,  e ach  
oS 2 2  o r  33 f t  i n  d i ame te r  by 9-ft-high dimensions .  The g r o s s  weight of the 
ini t ial  s y s t e m  de l ive red  to  lunar  o rb i t  is 65,000 lb. 
The lunar  o rb i t  space  s ta t ion ini t ial ly h a s  a n o r m a l  c r e w  complement  of s i x  
-men, 
The lunar  o rb i t  space  s ta t ion wil l  be capable  of operat ions  ove r  a ten  y e a r  
period with resupply.  
Crew rotat ion wil l  occu r  a t  s ix-month in te rva l s .  
The lunar  su r f ace  base  (LSB) wil l  suppor t  extensive  explora t ion act iv i t ies ,  
including providing a ba se  f o r  long- range mobi l i ty  units  and will begin 
operat ions  in  TBD. 
The I S B  configuration is a n  a s semb ly  of two to t h r ee  decks.  Each  i s  2 2  o r  
33 f t  i n  d i ame te r  and 9-ft-high. The g r o s s  weight of the ini t ial  LSB de l ive red  
to lunar  su r face  i s  65, 000 lb. 
The LSB will  suppor t  s i x  to nine personnel  in i t s  ini t ial  operat ion,  but wil l  
have the capabil i ty of being expanded to a l a r g e r  24 to 48 personne l  operation,  
probably through the landing of additional modules  i n  c lose  proximity  to the 
ini t ial  base .  
The L S U  will opera te  f o r  extended durat ions  (up to f ive y e a r s )  with replenish-  
men t  of consumables .  
Crew rotat ion will occur  a t  s ix-month in te rva l s .  
3 .4  RNS PAYLOAD 
3.4. 1 Unmanned Payloads 
Guidelines f o r  unmanned payloads a r e  TBD. 
3.4. 2 Manned Payloads  
Guidelines f o r  the manned planetary  mi s s ion  spacecra f t  f o r  the opposition 
c l a s s  with a Venus swingby and the conjunction c l a s s  M a r s  mi s s ions  are 
summar i zed  below: 
Opposition 
c l a s s  (4 )  
P lane ta ry  Miss ion ~ o d u l e (  l )  
Manned M a r s  Excurs ion  ~ o d u l e ( ~ )  
P r o b e s  At: ~ a r s ( ~ )  
Venus 
MEM and P robe  
Overboard Expendable  ate(^) 
Conjunction 
~lass(5) 
- 
1'78, 000 lb 
zoo, 0006) 
NOTES: (1 )  PMM i s  re ta ined throughout the mi s s ion  
( 2 )  Je t t i soned a t  M a r s  
(3 )  Includes at t i tude control ,  a tmospher ic  leaks,  etc.  
(4)  560-day mi s s ion  
(5 )  1, 040-day mi s s ion  
(6)  Two MEM1s a r e  included f o r  conjunction c l a s s  mi s s ions  
The genera l  weight var ia t ion f o r  the PMM i s  de te rmined  by: 
PMM = 117, 292 t 50.73 T 
Where T i s  total  m i s s ion  duration. 
Lunar  mi s s ion  payload guidelines a r e  TBD. 
Geosynchronous mi s s ion  payload guidelines a r e  TBD. 

Section 4 
SYSTEM ENGINEERING DOCUMENTATION 
This sect ion contains the following information,  a s  generated during the 
Phase  I11 study: 
e Functional  Flow Block Diagrams  
e Requirement  Allocation Sheets 
Timel ine  Sheets 
At the p resen t ,  emphas i s  i s  upon the Class  I lunar  shutt le miss ion.  Other 
mi s s ions  a r e  t rea ted  only a t  the f i r s t  level. Additional m i s s ions  will  be 
included a s  appropr ia te  subsect ions  a s  they a r e  analyzed in future  studies.  
All nomenclature  on the functional flow block d i ag rams  i n  this  sect ion i s  
consis tent  with the top level  d i ag ram contained i n  Section 2. 2. 3. The sys t em 
engineering documentation i s  organized by m a j o r  top level  function, and begins 
fo r  each of these  functions on the following pages of this sec t ion :  
1. &Per fo rm Lunar  Shuttle Miss ion 
2. &Provide Logis tic Support  
3. &Per fo rm End of Life Disposal  
4. &Per fo rm Ea r th  Launch Operations 
5. 0-Pe r f o r m  RNS Prelaunch Operations 
6. &Produce RNS Elements  
7. &Design, Develop and Qualify RNS I Not Trea ted  H e r e  
8. &Monitor and Control  Miss ion 
9. &Train  and Provide Support  Personne l  
Page No, 
42 
The depth of analysis  va r i e s  f r o m  function to function, and includes f i r s t ,  
second, and thi rd  level  functional flow block d iagrams ,  f i r s t ,  second, and 
third level  requ i rement  al location shee t s ,  and f i r s t  and second level  t ime- 
line shee t s .  Major  emphas i s  was  placed upon functions 1. 0 and 4. 0. The 
documentation i s  applicable to e i ther  RNS concept, with unique a r e a s  t reated 
separa te ly  and noted a s  M o r  H to identify the Class  3 o r  Class  1 Hybrid RNS. 
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DESIGN REQUIREMENTS 
A. Functional Description 
A Reusable Nuclear Shuttle (RNS) wi l l  be u t i l ized t o  transport a payload (cargo 
and/or personnel) as part  of a low cost transportation system proposed in  a 
NASA integrated space program plan. It shal l  be capable of performing the 
following classes of missions: 
A. Class I - Luaar/Geosynchronous orbi t  shut t le  missions 
B. Class I1 - Umnanned planetary missions 
C. Class III - Manned planetary missions 
B. Design Characteristics/Constrsints 
1. I n i t i a l  operational capabili ty of the FINS w i l l  be CY 1981. 
2. The baseline RNS operations orbi t  fo r  lunar shut t le  f l i g h t  vehicle assembly, 
in i t ia t ion of translunar injection, and earth orbi t  turnaround operations 
w i l l  be a 260 M i .  circular orbi t  a t  an inclination of 31.5 degrees. 
3. The following reference mission characterist ics shal l  be used fo r  perfomance 
reporting purposes and worst condition dtsign analyses: 
A. Class I - Lunar Mission 
Earth departure/arrival orbi t  a l t i tude  260 Mi.  
Earth departure/arrival orbi t  inclination 31.5 Deg. 
Lunar arrival/departure orbi t  a l t i tude  60 bi. 
lunar arrival/departure orbi t  inclination 90 Deg. 
Earth t o  moon coast time 108 Hr. 
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Moon t o  ear th  coast  time 72 H r .  
Lunar a r r i v a l  plane change 30 Deg. 
Lunar departure ulane change 30 Deg. 
Midcourse AV 50 Ft/sec per mission l e g  
Flight  performance reserve 0.75 percent AV 
4. The following reference mission charac te r i s t ics  s h a l l  be used for  economics 
and operations analyses: 
A. Class I - Lunar mission 
Earth depar ture /a r r iva l  o r b i t  a l t i t u d e  260 ~ i .  
Earth depar ture /a r r iva l  o r b i t  inc l ina t ion  31.5 Deg. 
Lunar arr ival /departure o r b i t  a l t i t u d e  60 N m i .  
Lunar arr ival /departure o r b i t  inc l ina t ion  90 Deg. 
Earth t o  moon coast  time 108 H r .  
Moon t o  ear th  coast  time 72 H r .  
Midcourse AV 50 Ft/sec per mission l e g  
Flight  performance reserve 0.75 Percent AV 
5. Although t h e  RNS s h a l l  be designed for  t h e  lunar s h u t t l e  mission, it s h a l l  
have the  addit ional  c2pabil i ty of performing t h e  following missions: 
Class I - Geosynchronous Mission 
Earth depar ture /a r r iva l  o r b i t  a l t i t u d e  260 N m i .  
Earth depar ture /a r r iva l  o r b i t  inc l ina t ion  31.5 Deg. 
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~eos~nchronous arrivpl/departure orbit inclination 0 Deg. 
Midcourse AV 50 Ft/sec per mission leg 
Class I11 - Manned M u s  Mission 
An evolutionary version of the RNS will be used to provide propulsion for 
manned Mars missions. For the purpose of this study a 1986 Outbound Venus 
Swingby Mars mission and a 1990 Conjunction Class Mars mission will be 
evaluated. The stopover time for the Venus Swingby mission will be 60 days. 
The reference mission characteristics are as follows: 
Earth assemblyldeparture orbit altitude 260 hi. 
Earth assemblyldeparture orbit inclination 31.5 Deg. 
Earth assembly/departure orbit eccentricity 0 
Mars parking orbit - periapsis altitude 270 Nmi. 
elliptic orbit period 12 Hrs. 
Earth arrival orbit- periapsis altitude 270 bi. 
elliptic orbit period 24 Hrs. 
Midcourse correction AV 500 Ft/sec per mission leg 
Mars orbit trim AV 150 Ft/sec 
6 .  Initial RNS design concepts will reflect a 1974 state of the art. 
7. Government facilities and associated utilities and special test equipent 
will be used to the maximum extent possible. 
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8. The design l i fe t ime for  t h e  RNS w i l l  be up t o  3 years i n  space with t h e  NASA Guide- I Establish an in- 
capabi l i ty  for  maintenance i n  ear th  o r b i t .  Ilines and I I I o r b i t  maintenance 
9.  In-orbit maintenance and propellant  re fue l ing  of the  RNS w i l l  be accomplished /Crastraints I I policy (B.91 
only a t  t h e  RNS operations o r b i t .  /Document NO. 
10. The RNS w i l l  be functiotially independent of t h e  payload. D-SA-P-70-63 
11. For manned operations, the  crew w i l l  have override capabi l i ty  f o r  RNS cont ro l .  
12. The RNS w i l l  be checked out i n  t h e  RNS operations o r b i t  p r i o r  t o  each mission. 
13. The RNS w i l l  have automated rendezvous and docking capabi l i ty .  
14. Payloads, LH2, and maintenance supplies f o r  t h e  RNS w i l l  be del ivered by t h e  
l o g i s t i c s  vehicle and assembled i n  t h e  RNS operations o r b i t .  The l o g i s t i c s  
vehicle w i l l  be the space s h u t t l e .  
15. The space tug may be used t o  maneuver t h e  payload t o  t h e  RNS for  assembly. 
It may a l so  be used t o  support geosynchronous and lunar o r b i t  operations. 
16. The RNS w i l l  be manrated. 
17. The RNS w i l l  maintain a t t i t u d e  control  while t h e  payload i s  maneuvered and 
lo. 2 ,  
k t .  1, 1970 
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18.  Payload t ransfer  between t h e  RNS and t h e  lunar or  geosynchronous space s t a t i o n  I I operat ions ( ~ . 1 5 )  
may be accomplished by t h e  space tug. I I I 
19. Propellant capacity w i l l  be about 300,000 lbs .  LH2. 
D. Effectiveness Requirements 
1. Rel iab i l i ty  
Evaluate impact of 
lowering t h e  
r e l i a b i l i t y  require 
ment ( ~ . 1 )  
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DESIGN REQUIREMENTS 
The RNS shal l  have a t o t a l  mission success probability of 0.975 a t  the  
in i t ia t ion of each cycle of operations (exclusive of payload induced mission 
failures).  
2. Safety 
A. A l l  credible sin3le fa i lure  modes or credible combinations of fa i lures  
and errors which resul t  i n  a loss  of crew and passengers or  unacceptable 
r i s k  t o  the  general public wi l l  be eliminated by design change and/or 
mission modification. 
B. No single f a i lu re  or  credible combinations of fa i lures  and errors w i l l  
prevent or  preclude operation of the NERVA engine i n  the emergency mode. 
C. Total radiation dose f r can  the NERVA engine and plume sources w i l l  be 
limited t o  10 RFM per passenger and 3 RE24 per crew member per round 
t r i p  shuttle mission. Payload attenuation factor w i l l  be assumed t o  be 3. 
D. RNS maintenance personnel ( i f  my) w i l l  not receive more than 25 REM 
per year from the RFIS. 
E. Total integrated radiation dose fraa the  kHS t o  any manned spsce station 
or manned o rb i t a l  system wi l l  not exceed 0.1 REM during any single 
NERVA engine burn. 
F. The RNS wil l  ineet all structural ,  materials, and quality control 
staadards required for  manned application. 
G. During lunar or geosynchronous orbi t  operations the  RNS w i l l  remain a t  a 
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safe  distance from and i n  the  same o r b i t  a s  t h e  lunar or geosynchronous 
space s t a t i o n .  
3. Maintainabil i ty 
A.  The RNS design w i l l  r e f l e c t  t h e  capabi l i ty  t o  perform maintenance i n  
the  operations o r b i t  and on the  ground. 
B. The l e v e l  of on-orbit maintenance s h a l l  be r e s t r i c t e d  t o  t h e  module 
l e v e l ,  i . e . ,  propulsion module, command and cont ro l  module, propellant  
module. 
C .  While i n f l i g h t ,  maintenance s h a l l  be r e s t r i c t e d  t o  switchable redundancies. 
E .  In te r face  Requirements 
1. During RNS mission operation t h e  nuclear s h u t t l e  may have an operational 
support in te r face  with the  following system elements: 
?'I 
A. Earth o r b i t a l  spac? s ta t ion lbase  operating i n  a 262 nmi, 55 Deg. 
inc l ina t ion  c i r c u l s r  o r b i t .  
B. Geosynchronous o r b i t  space s t a t i o n  a t  0 Deg. inc l ina t ion .  
C .  Lunar o r b i t a l  space s t a t i o n  operating i n  a 60 mi, 90 Deg inc l ina t ion  
c i rcu la r  o r b i t .  
D. Propellant depot ( i f  required) deployed i n  t h e  RNS operations o r b i t .  
E. Space tug deployed in  ear th  operations and lunar operations o r b i t s .  
F. Space s h u t t l e  l o g i s t i c s  vehicle having a c l e a r  volume of 15 foot  diameter 
and 60 foot l ength ,  and a s e l f  sustaining l i f e t i m e  of up t o  7 days. 
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2. As part  of the perforaance of the RNS mission the  nuclear shut t le  w i l l  have 
limited interfaces with proposed payloads for  data exchange and s t ructura l  
support. 
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ASSmLE AND CHECKOUT LUNAR SHUlTLE FLIGHT VEHICLE - AA 1.U 
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SOURCE 
Baseline 
Baseline 
Baseline 
Baseline 
Payload 
l imitation 
DESIGN REQUIREMENTS 
A. Functional Description 
The RAE-3 is composed of 8 propellant modules (PM's) ,-one propulsion module and 
one command and control module (CM). Each is placed into orbi t  individually v i a  
space shuttle.  It is the  objective of t h i s  function t o  combine these elements t o  
form an integrated stage vhich when supplied with payload i;ormr the  lunar shut t le  
f l i gh t  vehicle. This function i s  in i t ia ted  with the  placement of the  f i r s t  PM 
i n  orbit  and is terminated with successful f l i gh t  vehicle countdown. 
B. Design Characteristics/Constraints 
A. Functional requirements 
1. Provide the capability of deploying RNS-3 modules out of the  space 
shut t le  i n  a uniform manner. 
2. Provide the  capability of transporting modules from deployment t o  
assembly areas. 
3. Provide the capability of on-orbit removal of MEFlVA poison wire assembly. 
4. Provide for  sequential checkout of each installed module. 
5. Provide for  propellant topping. 
6. Provide fo r  control of evolving RNS-3 orbiting assembly including 
a t t i tude  control and stabil ization. e l ec t r i ca l  power, data management, etc.  
7. Provide end t o  end docking and side t o  side clustering mechanisms as required 
by the  f l i gh t  vehicle configuration. 
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8. Frovide for  the  in tegra t ion  of a manned/unmanned payload. 
9 .  Verily f l i g h t  readiness of t h e  f l i g h t  vehicle pr ior  t o  t h e  i n i t i a t i o n  
of each lunar s h u t t l e  mission. 
10. Verily successful  in tegra t ion  of a l l  modules i n t o  an FINS-3 pr ior  t o  
mating it t o  i t s  lunar payload. 
11. Provide functional  subsystems on t h e  RNS modules t o  f a c i l i t a t e  automated 
rendezvous, docking, mating and checkout. 
12. Provide f o r  external  monitoring and control  of RNS-3 modules' 
rendezvous, docking and mating. 
13.  Provide f o r  au tmated  f l i g h t  vehicle countdown with t e r r e s t r i a l  based 
control .  For manned payloads provide the  backup capabi l i ty  f o r  crew 
override. 
B. Subsystem Requirements 
1. Structures 
0 Provide a t t a c h  points  f o r  o r b i t e r  deployment mechanism. 
0 Provide s u f f i c i e n t  s t r u c t u r a l  i n t e g r i t y  t o  accomodate deployment 
and assembly loads. 
0 Provide a docking and c lus te r ing  mechanism which a l igns  t h e  modules, 
locks them r i g i d l y  together,  t ransmits  a l l  subsequent loads,  and 
allows ver i f ica t ion  of its i n t e g r i t y .  
2. Propulsion Bubsystem 
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O Provide for on orbi t  topping of propellant. 
O Provide for autcmated functional and leak checks of each module 
as it is integrated into the  t o t a l  system. 
0 A l l  discrete LH2tanks sha l l  be designed t o  permit isolation. 
O Fluid l i ne  coupling and decoupling shal l  be performed under automatic 
and remote control. Docking forces shal l  not be used for  coupling. 
0 A pressure senior controlled vent system sha l l  be u t i l ized t o  assure 
on orbi t  safety. Venting sha l l  not be propulsive. 
3. Astrionics Subsystem 
0 During assembly operations the astrionics functions of power, data 
management, s t ab i l i t y  and control sha l l  be provided by sources 
exte- t o  the RIIS. 
O Navigational aids w i l l  be provided on the RNS modules t o  aid i n  
rendeavous and docking. 
O Instrumentation wi l l  be provided on each module t o  allow i t s  
individual checkout. The data shal l  be ccmpatible with the  
capabili t ies of supporting segments (e.g. space tug). 
O Subsequent t o  completion of_assembly the astrionics function sha l l  
be provided by the  CCM. 
D. Effectiveness Requirements 
1. Reliabili ty 
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DESIGN REQUIREMENTS 
a .  The assembly of the  RNS s h a l l  have a success probabil i ty of 0.99 
b. Checkout of the  f l i g h t  vehicle s h a l l  assure t h a t  a 8&e m h i c l e  
i s  launched with a probabil i ty of not l e s s  than 0.99 for  manned 
payloads and u . Y Y  for  unmanned payloads 
2. Safety 
TBD 
3 .  Maintainability 
a. Maintenance and repa i r  of t h e  RNS i n  o r b i t  s h a l l  be r e s t r i c t e d  t o  
removal and replacement of a f fec ted  module. 
E. Interface Requirements 
1. The docking in te r faces  between t h e  RNS modules, space tug,  payloads, 
and space s h u t t l e  s h a l l  be common. 
2 .  The RNS modules s h a l l  be compatible with space s h u t t l e  provisions 
f o r  deployment. 
3 .  The evolving orb i t ing  assembly s h a l l  provide monitoring da ta  t o  t h e  
supporting segments ( e  .g . space tug,  space s h u t t l e )  f o r  formatting 
and transmission. 
4. The evolving orb i t ing  assembly s h a l l  draw sustaining power from i t s  
supporting orb i t ing  segments during t h e  assembly operations. 
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CONTRACTOR 
DESIGN REQUIREMENTS 
A .  Functional Description 
The objective of t h i s  fmct ion is t o  perform the f l i ~ h t  operations required t o  
transfer a use= p~vloxd from the  earth operations orbi t  t o  the   res scribed lunar 
operations orbit. This function is in i t ia ted  a t  the  successful completion of the  
translunar countdown an1 is terminated with successful injection in to  the urescribed 
lunar taraet  orbit. 
B. Desim Characteristics/Constraints 
a. Functional reauirements 
1. Provide translunar and lunar orbi t  injection im~ulses  commensurate 
with the following: 
Earth departure orbit-260 NM, 31.5 Deg. 
Lunar ar r ival  orbi t  - 60 WE"., 90 Deg. 
Earth-Moon coast time - 108 Hr. 
2. Provide ?or kidcourse correction t o  achieve  res scribed target  orbi t  
parameters reflectine a translunar injection error  in delivered inmulst 
of f 20 K l b  sec: time f 15 sec 
3. Provide e lec t r ica l  power, instrumentation and midance and control t o  
suuport the translunar f l i gh t  oneration independent of the aayload. 
4. Provide the means t o  sustain the f l i gh t  vehicle through the ?light 
environment (induced and natural) encountered i n  the translunar f l iaht .  
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FUNCTION 
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TRANSLUNAR 1. Structure subsystem 
FLIGHT I o Provide s u f f i c i e n t  s trength,  r i g i d i t y  and other character-  
OPERATIONS i s t i c s  required t o  contain 300,000 lbs  of LH2. Factors of 
sa fe ty  as defined by "Guidelines f o r  S t r u c t u r a l  Design 
c r i t e r i a "  PD-SA-P-70-193, MSFC memorandum dated Aug. 7, 1970. 
o Provide s u f f i c i e n t  meteoroid protect ion t o  survive t h e  
translunar environment a s  defined i n  NASA TMX-53798 (and 
augpented by NASA TMX 53957) with a probabi l i ty  of 0.99875. 
o Provide s u f f i c i e n t  thermal protect ion t o  control  aropel- 
l an t  loss  and tank pressure buildup resu l t ing  from na tura l  
and induced f l i g h t  environment. The RNS assembly s h a l l  be de- 
signed for  t h e  o r b i t a l  and mission thermal environment defined 
i n  "Space Environment C r i t e r i a  Guidelines f o r  use i n  Space 
Vehicle Development" (1969 ~ e v i s i o n )  ,NASA TM-X-53957, Oct. 1969. 
o Accommodate t h e  environment resu l t ing  from t h e  operation 
of t h e  NERVA engine. 
2. Propulsion Subsystem 
o Provide a propellant  management capable of providing t h e  
NERVA prerequisi tes  a s  defined i n  NERVA Program Requirements 
Document, SNPO-NPRDrl, Jan. 19, 1970; NERVA Reference Data 
FUNCTIONAL DIAGRAM TITLE AND NUMBER 
FACILITY, GSE TRADE STUDIES, 
REQUIREMENTS ANALYSES 
REQUIREMENT ALLOCATION SHEET 
I 
-- 
REVBBATE _______- ORlG DATE - DOC NO. PG. . 2 Of 5- APPROVAL 
REV & BATE VERIFIED - 
FUNCTION 
M W E  & 
NUMBER 
PERFOR4 
T W S  LUNAR 
FLIGIiT 
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AA 1.2 
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( f u l l  flow engine), AGC Rep 4 s - ~ ~ O - C P - Q ~ O ~ ~ O - F L - P ~ ~ ~ .  
Apr. 1970 and NERVA Status Presentation, AGC, 9/3/70. 
o Pressure l e v e l  during coast s h a l l  be a t  sa tura t ion .  
o Actuation control  for  l iqu id  and gas flow s h a l l  be provided. 
o Expulsion pressurizat ion gas s h a l l  be provided by t h e  engine. 
o Controlled venting a s  well  a s  sa fe ty  r e l i e f  s h a l l  be provided 
during f l i g h t  a s  required. The operating band s h a l l  be minimized. 
o Provide APS f o r  t h r u s t  vector control  during i d l e  mcde f o r  mid- 
course correct ion,  f l i g h t  vehicle s t a b i l i z a t i o n  and or ien ta t ion  
control ,  propellant  s e t t l i n g ,  rendezvous and docking and 
separat ion maneuvers. 
3. Astr ionics Subsystem 
o Provide an as t r ion ics  system independent of t h e  RNS payload 
o Provide both primary and secondary power sources and at tendant  
d i s t r ibu t ion  and regulat ion network f o r  engine and stage.  
o Provide t h e  capabi l i ty  t o  gather, format and transmit  diagnostic  
information t o  predict  f a i l u r e s ,  t o  evaluate performance, and 
t o  a i d  i n  mission control. Selected da ta  s h a l l  be made available 
f o r  d i sp lay  i n  a manned payload. Transmission of d a t a  t o  ground 
s h a l l  be compatible with ex is t ing  processing and receiving 
capabil i ty.  
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o Provide autonomous navigation guidance and control  capabi l i ty  f o r  
t ranslunar f l i g h t  operations. Included a r e  determination of posi- 
t i o n  and ve loc i ty ,  ephemeris, engine command generation, as well 
as  a t t i t u d e  and r o l l  control  command generation. The GN&C require- 
ments s h a l l  incorporate the  u t i l i z a t i o n  of af tercooling t h r u s t .  
o Provide thermal protect ion t o  operating equipment cmmensurate 
with t h e  design specif icat ions.  
D. Effectiveness Requirements 
1. R e l i a b i l i t y  
a. The RFlS s h a l l  have a 0.9859 probabi l i ty  of successful  completion of 
t h e  translunar f l i g h t  operations. 
2. Safetr 
a. The RNS design s h a l l  accommodate an emergency mode of operation 
re f lec t ing  NERVA engine operation a t  minimums of 30,000 Lbf, 500 
8 
sec  I s p  and 10 lb-sec impulse. 
b. Provisions s h a l l  be included t o  l i m i t  t h e  exposure due t o  RNS 
malfunction t o  any member of t h e  general  publ ic  t o  no more than 
2.5 Rem. 
c. Provisions s h a l l  be included t o  de tec t  inc ip ien t  catastrophic 
fa i lu res  allowing s u f f i c i e n t  time f o r  remedial amlons.  
REQMT 
SOURCE 
6 111 study 
Result 
NASA G&C 
EQUIPMENT 
FACILITY, GSE 
REQUIREMENTS 
TRADE STUDIES, 
ANALYSES 
Evaluate a l t e r n a t e  
'Navigation, 
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I PWOIUi; 1WSLUNAR FLIGHT OPERATIONS - AB 1 . 2  
DESIGN REQUIREMENTS 
3. Maintainabil i ty 
TRANSLUNAR There s h a l l  be no i n f l i g h t  maintenance. 
E. In te r face  Requirements 
1. System Level 
support systems 
The RNS s h a l l  in te r face  with ground s t a t i o n s  f o r  t h e  purpose 
of mission control  and ident i f ica t ion  of abort  options i n  
case of f a i l u r e s .  Ground c~mmunications s h a l l  be csmpatible 
with capabi l i t i es  of DSIF. 
NERVA Engine 
The def in i t ion  of t h e  NERVA engine and i t s  requirements a r e  contained 
p r i ~ c i p a l l y  in:NERVA Program Requirements, Document, SNW NPRD-1, 
Jan. 19, 1970, and NERVA Reference Data ( F u l l  Flow Engine), AGC 
Report S-130-CP-090290-F1-Prel, Apr. 1970. The s tage  s h a l l  provide 
primary power f o r  NERVA operations. 
A maximum mission payload 15 f't i n  d i a  x 140 f't long of  uniform 
densi ty,  weighing 118,000 pounds, with a s t i f f n e s s  equal  t o  t h e  
propellant  + tanks s h a l l  be considered. The RmS s h a l l  be designed t o  
ne i ther  require nor provide e l e c t r i c a l  services t o  t h e  payload. A 
d i s c r e t e  d i so  
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A. Functional Description 
The object ive of t h i s  function i s  t o  provide t h e  energy and vehicle control  
required t o  place t h e  f l i g h t  vehicle i n t o  a t ranslunar orb i t .  This function 
i s  i n i t i a t e d  with rece ip t  of engine s t a r t  command and i s  terminated v ia  
guidance connnand and ver i f ica t ion  of in jec t ion  i n t o  t h e  preestablished 
translunar orb i t .  
B. Design characteristics/~onstraints 
a. Functional Requirements 
1. Provide f o r  aAVof 10,372 fps 
Translunar In jec t ion  
Conditions a t  termination of f u l l  t h r u s t  (75,000 ~ b )  
C3 = -4.510 ?Cm2/sec 2 
2. Provide t h r u s t  vector cont ro l  f o r  t h e  purpose of maintaining a pre- 
programmed f l i g h t  path u t i l i z i n g  commands generated by t h e  onboard 
guidance subsystm. 
3. Provide l i q u i d  hydrogen a t  tank o u t l e t  commensurate with engine 
requirements f o r  s t a r t ,  steady s t a t e ,  shutdown and a f te rcool  a s  
defined i n  t h e  NPRD: 
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DESIGN REQUIREMENTS 
2 .  propulsion Subsyster 
o The r o l l  control  system w i l l  provide for :  
9011 a t t i t u d e  control  during steady s t a t e  powered 
f l i g h t  and coast within t5 degrees. 
Adequate torque t o  overcome a l l  steady s t a t e  d i s -  
turbances during powered f l i g h t  and coast. 
Adequate torque t o  rees tab l i sh  a t t i t u d e  control  within 
TBD degrees within TBD seconds a f t e r  1\!ERVA s t a r t .  
- 
Adequate torque t o  es tab l i sh  a r o l l  r a t e  of O.l/deg/sec 
within seconds f o r  ~ r b i t a l  maneuvers. 
o The APS s h a l l  provide i n i t i a l  o r ien ta t ion  and a t t i t u d e  control  
during s ta r tuu  lufd rhutdcwa. 
o The engine s h a l l  be preconditioned f o r  s a t i s f a c t o r y  bootstrap.  
o The propulsion subsystem s h a l l  provide t h e  following diagnostic  
information f o r  t h e  purgose of performance evaluation, control  
and safety:  B. 
3. Astr ionics Subsystem 
o The N&G system s h a l l  maintain knob~ledge of r a d i a l  pos i t ion  
t o  -1- 1.9  mi a t  injectj-on and a veloci ty t o  2 fps .  
o Update guidance parameters s h a l l  be provided by onboard 
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o The Guidance Navigation and Control subsystem s h a l l  command t h r u s t  
vector control  t o  achieve the  required impulse within 20,000 lb-sec 
and 2 15 sec i n  time. 
o During cooldown t h e  desired or ien ta t ion  of t h e  f l i g h t  vehicle s h a l l  
be held t o  within *5 deg i n  a l l  axes. 
o F l igh t  vehicle charac te r i s t ics  associated with t h e  performance of 
t h i s  function s h a l l  be formatted and transmitted t o  mission 
control  and t h e  manned payload. 
D. Effectiveness Requirements 
1. R e l i a b i l i t y  
a. The RNS s h a l l  be capable of performing all required functions f o r  t rans-  
lunar in jec t ion  with a probabi l i ty  of not l e s s  than .9959. 
2. Safety 
a. For a manned payload module t h e  accumulated dose ( f o r  a complete cycle)  
experienced s h a l l  not exceed 3.3 Rem. Correspondingly t h e  dose 
experienced by t h e  crew during t h i s  function s h a l l  not exceed 1 
Rem a s  a r e s u l t  of engine operation. 
b. I n  case of mission abort during t h e  performance of t h i s  function 
provision s h a l l  be incorporated within t h e  payload module f o r  sa fe  
re turn  of i t s  passengers m d  crew. 
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3. Maintainability 
a. No inflight maintenance is required. 
E. Interface Requirements 
1. Engine/Guidance & Control for sequence initiation signals and TVC 
Commands. 
2. ~ n ~ i n e / ~ i r f r a m e  for transmission of loads, environment, and propellant. 
3. Engine/~irframe for equipment mounting. 
4.  engine/^^^ subsystems for power, telemetry, etc.  
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A. Functional Description 
Subsequent t o  the  termination of thrust  applied for  translunar injection (TLI) 
the f l ight  vehicle sha l l  coast on a predetermined f l i gh t  path t o  the  v ic in i ty  
of the moon. This function i s  in i t ia ted  a t  PSOV's closure and i s  terminated 
i n  the vicinity of the moon with preparation of the  RlYS for  the  Lunar Orbit 
In jedion.  
B. Design ~haraderistics/constraints 
a. Functional Requirements 
1. Provide fo r  IWVA cooldown a f t e r  TLI burn. 
2. Provide the  capability fo r  correcting translunar injection errors. 
3. Provide the  capability t o  s tabi l ize  and c ~ n t r o l  vehicle 
a t t i tude  and orientation. 
4. Provide the  capability fo r  monitoring f l i gh t  vehicle s ta tus ,  and 
functions. 
5. Provide the  capability fo r  maintaining propellant condition at 
desired conditisn. 
6. Provide fo r  engine pres tar t  ac t iv i t ies .  
b. Subsystem Requirements 
1. Structure 
o Provide thermal protection of propellant throughout the  translunar 
coast (5 108 hrs).  
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o Provide meteoroid protect ion consistent  with 0.99875 probabi l i ty  
of no penetrations during t rans lunar  coast. 
2. Propulsion 
o The RNS s h a l l  provide or ien ta t ion  and a t t i t u d e  control  during 
cooldoun, coast and i d l e  mode operations. 
o The APS s h a l l  provide t h e  capabi l i ty  of o r ien t ing  t h e  f l i g h t  
vehicle at a r e t r o  a t t i t u d e  f o r  lunar o r b i t  in jec t ion .  
o Provide t h e  capabi l i ty  t o  condition t h e  engine and propellant  
during cooldown, i d l e  mode and t o  enable a r e s t a r t  f o r  t rans-  
lunar o r b i t  inject ion.  ( s t a r t  conditions defined i n  RAS AA 1.2).  
o Provide t h e  capabi l i ty  t o  monitor t h e  s t a t u s  and functions of 
t h e  propulsion system f o r  t h e  purpose of performance evaluation,  
control ,  and safety.  
3.  Astrionics 
o The N&G subsystem s h a l l  maintain knowledge of posi t ion t o  t 
15 mi, velocity t o  2 fps  and a t t i t u d e  t o  t .O5 with respect  
t o  i n e r t i a l  space. 
o Provide t h e  autonomous capabi l i ty  t o  es tab l i sh  midcourse 
correct ion requirements. 
o Provide t h e  capabi l i ty  t o  i s sue  d i sc re tes  f o r  a f fec t ing  mid- 
course maneuvers, f l i g h t  vehicle s t a b i l i z a t i o n ,  and orienta-  
t i o n  control. 
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o Ground tracking data available as backup fo r  the navigation function. 
D. Effectiveness Requirements 
1. Reliabili tx 
The RNS sha l l  perform a l l  functions during coast and have a probabili ty 
of being ready t o  develop the Lunar Orbit Injection impulse of  not l e s s  
than .99b 
2. Safety 
See RAS AA 1.2.1 
3. Maintainability 
No inf l ight  requirement 
E. Interface Requirement 
1. Project/systcnn Level 
a. I(NS/MCC for  monitoring and backup control. 
b. R N S / P ~ ~ ~ &  Module (Manned) for  s ta tus  display and 
control. 
2. Subsystem Level 
a. Propulsion/~uidance Navigation and Control, for  issuance 
of discretes and control of maneuvers. 
b. power/using subsystems, for  regulated supply of e l ec t r i c  power. 
c. Data ~anagement/all others, for  determination of system 
performance. 
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SUSTAIN RNS THROUGH FLIOIlT ENVIRONMENT - AA 1.2.4 
REQMT 
SOURCE DESION REQUIREMENTS 
A. Function Description 
The RSN sha l l  possess sufficient strength, r ig idi ty ,  and other necessary 
characterist ics required t o  survive the  loading c~nd i t ions  t h a t  exis t  during 
translunar RNS f l igh t  operation. 1n addition it 9 possess the  capability 
of protecting i t s  propellant and equipment from the  environment e i ther  natural  
or induced t o  which it i s  exposed during a cycle of operation. The f m c t i ~ n s  
t o  be perfsmed by the RNS include: 
a. Accommodate thrust  loads 
b . Accommodate thermal environment 
c. Accol~wodate radiation environment 
d. Accsmmodate meteoroid environment 
e. Hold pressurized propellants and gases 
B. Design characteristics/constraints 
1. A l l  pressure vessels sha l l  be designed such that  pressure s tabi l iza t ion 
i s  n ~ t  required. 
2. The design l imi t  values for  regulated pressures sha l l  be based on the  
upper l i m i t  of the  r e l i e f  valve se t t ing (30 ps ia  for  RNS-3, 29 psia  
fo r  RNS-lH) when pressure i s  detrimental t o  s t ructura l  load-carrying 
capability. 
3 .  When pressure increases s t ructura l  load carrying capability, the  lower 
l imi t  of the  operating pressure schedule (26 psia) s h a l l  be t h e  design 
l imi t  value. 
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4. mopel lan t  tanks s h a l l  accept t h e  design pressure f o r  ~ i s s i o n  operations 
a t  t h e  temperature of t h e  expulsion pressurant (250%) 
5. A l l  pressure vessels s h a l l  be capable of withstanding a minimum of 100 
cycles of preasnrizat ion.  
6. Suf f ic ien t  meteoroid protect ion s h a l l  be provided f o r  propellant  t ank(s )  
t o  ensure zero p i t t i n g .  
7 .  Primary load carrying s t ruc tures  s h a l l  not be employed a s  meteoroid 
protect ion f o r  RNS subsystems 
8. The design of t h e  RNS s h a l l  account f o r  dynamic loads, including t h r u s t  
vector in te rac t ion ,  t h r u s t  t rans ien ts ,  pogo, s losh,  s taging,  docking, 
aeroe las t ics ,  and acoust ic  conditions. 
9. The RNS design s h a l l  r e f l e c t  t h e  loads resu l t ing  from t h e  following 
misalignments: 
a. Payload misalignment 
b. Guidance System misalignment 
c. Thrust mount in te r face  misalignment 
d. Thrust mount misalignment 
e. F l igh t  control  system misalignment 
f .  Nozzle misalignment 
g. Thrust vector  control  misalignment 
h. Module assembly misalignment 
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11. Structures sha l l  be designed for  normal operational loads, and loads 
a r i s i w  from abort conditions sha l l  be limited t o  those of normal 
operations. 
12. The induced loads resulting from docking, mating and demating 
operations sha l l  be less  than 60 lbs.  
13. The RNS structure sha l l  withstand engine induced loads (transients,  
acceleration, and gimbal hard over) and environments (mechanical, 
thermal, vibration, and radiation) reflecting the  following NERVA 
parameters : 
Thrust 75,000 lbs  t 2,000 
Mass (without 27,800 lbs  
external shield) 
Overall length 408 in. 
Gimbal point 23 i n  (fran interface) 
Center of gravity 140 in. (fran interface) 
!Chrust vector control 
Displacement 3 deg 
Velocity 0.75 deg/sec 
Acceleration 0.5 deg/sec2 
14(a) mS-3 materials used sha l l  be compstible with the  following radiation 
dose profile: 
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Region 
Propulsion Module - Aft 
Propulsion Module - Forward 
Inboard Propellant Module - A f t  
Dose (Reds) 
8 2.4 x lo8 hydrogenous 
1.4 x 10 non hydrogenous 
5 x 10 6 
5 x 10 6 
Outboard Propellant Module - Aft 5 x 10 6 
outboard Propellant Module - Forward 1 105 
Inboard Propellant Module - Forward 5 lo3 
Inboard Propellant Module - Forward 5 lo3 
CCM 5 x lo3; lo9  n/cm2 (neutrons) 
14(b) RNS-UI materials  used s h a l l  be compatible with t h e  following rad ia t ion  
dose prof i le :  
rtegion 
Propulsion Mcdule - Aft 
Dose  ads) 
8 2.4 x lo8 hydrogenous 
1.4 x 10 non hydrogenous 
Propulsion Modale - Forward 5 x 1 O  6 
P?- >e-.lant Module - A f t  5 x 10 6 
Propellant Module - Forward 5 x 103 
CCM 5 x lo3; lo9 n/cm2 (neutrons) 
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l6. In  defining the  meteoroid protedion for  translunar f l i gh t  the  
reference flux i s  
log n = - 14.46 - 1.213 log m. 
The effective exposure time i s  0.888 times the  actual t ransfer  time, i .e,  
0.888 x 132 = 1T7 hrs. 
17. The damage cr i ter ion f o r  tanlcage sha l l  provide fo r  no penetration of 
the tank w a l l .  
18. No vehicle orientation requirements sha l l  be imposed on the RlJS during 
any mission or coast phase fo r  meteoroid protection purposes. 
19. The RIYS surface coatings sha l l  take in to  account the  perfomance 
degradation of absorptivity and emissivity af'ter extended exposure 
i n  space. 
20. The RNS HPI design sha l l  account for  the effects of blanked design 
and ins ta l la t ion (including perforations, joints,  studs, and tank 
attachment) and effects of envir3nments (including cmpression, 
decm2ression, evacuation, and degradation from neteoroid damage). 
21. The thermal protection system sha l l  impose no requirements f o r  
vehicle orientation during any operation or mission phases. It s h a l l  
r e f l ec t  any thermal loads induced by werat ional  requirements fo r  
specific orientations. 
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22. A reference surface temperature of -909 or 370% i s  adopted fo r  thermal 
protection system design. 
23. The t o t a l  energy deposition r a t e  a t  f W l  power i s  13 KW (4 KW from 
gammas and 9 KW from neutrons) 
D. Effectiveness Requirements 
1. Reliabil i ty 
a. The RNS shal l  be capable of surviving the  loads and f l i gh t  environ- 
ment with a probability of not less  than .9859. 
b. The meteoroid protection subsystem sha l l  provide a survival 
probability of 0.9975 during t r ans i t .  
2. Safety 
The RNS design sha l l  employ manned vehicle factors of safety for  
a l l  modules 
a. General Safety Factors: 
Yield factor of safety = 1.1 
Ultimate factor of safety = 1.4 
b. Propellant Tanks 
Proof Pressure = 1.05 x l i m i t  pressure 
Yield Pressure = 1.10 x l i m i t  pressure 
Ultimate Pressure = 1.40 x l imi t  pressure 
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3. Maintainabilitr 
There shall be no inflight maintenance. 
E. Interface Requirements 
1. The RNS shall interface mechanically with the pwload module for the 
purpose of transmitting loads and impulse. 
2. The loading characteristics at  the RAIS payload interface shall be 
deflned in Exhibit -. 
FUNCTIONAL DIAORAM TITLE AND NUMBER 
SIWTAW RT16 THROUGH FLIW EHVIAONMEN!C - M 1.2.4 
CONTRACTOR 
EQUIPMENT 
IDENTI FlCATlON 
CEI FU~CTIONAL OR SECONDARY AREA 
REQUIREMENT 
FACILITY, GSE 
REQUIREMENTS 
ALLOCATION SHEET 
TRADE STUDIES, 
ANALYSES 

EWIPMENT 
IDENTI FlCATlON 
CEI FU~CTIONAL OR SECONDARY AREA
REQUIREMENT 
REQMT 
SOURCE 
9 111 Study 
Results 
I, 
FUNCTION 
NAME & 
NUMBER 
PROVIDE 
RElS 
GVmANCE 
AND 
CONTROL 
AA 1.2.5 
RH RAS 
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A. Functional Description 
The RnS sha l l  provide autonomous navigation, guidance and control during i t s  
translunar f l i g h t  operations, i n  order t o  maintain the  required trajectory,  
prevent uncontrolled vehicle motion or oscil lation, and allow maximum ut i l iza-  
t i on  of thrus t  fo r  the attainment of mission objectives. Included i n  t h i s  
function me: providing navigation, guidance and control for  translunar 
injection, translunar coast, and lunar orbit  injection. 
B. Design Characteristics/~onstraints 
1. Frcrvide a t t i t ude  and disturbance sensing and vehicle control comands. 
During t rws luna r  coast the f l i gh t  vehicle sha l l  be controlled t o  within 
+ 5 degrees. Vehicle maneuver rates sha l l  be below .lO/sec. 
2. Frovide thrus t  vector cclntrol commands during injection maneuvers, with the  
following range of mass iner t ias  and moment arms: 
class  1 class 3 
S ta r t  Mission cg ( in)  1197 
2 
1946 
Mass (LB-sec /in) 1206 1253 
2 
~ n e r t i a  (LB-sec /in) 7.55 x 10 2 . 0 2 ~ 1 0 9  
End Mission cg (in) 665 1385 
Mass ( ~ ~ - ~ e c ~ / l n )  274 
Ine r t i a  (~B-sec~ / in )  1.33 24  x 10 4 . 2 7 ~ 1 0  
Integrated pitch, yaw and r o l l  angle accuracy tolerances s h a l l  be 
of selected angle. 
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3.  provide d i g i t a l  f l i g h t  control  system t o  provide System sequencers, gain 
and f i l t e r  changes, and torquing t h e  gyros. 
4. The engine gimbal def lec t ion  i n  both p i t c h  and yaw s h a l l  be + 3.0 degrees. 
5. The s teer ing  command s h a l l  r e f l e c t  an engine capable of being gimballea 
a t  a veloci ty not t o  exceed 0. 5 deg/sec. The nominal accelerat ion of 
the  gimbaled mass s h a l l  be a maximum of 0.5 deg/sec2. 
6 .  The e l e c t r i c a l  equipment of t h e  guidance and c m t r o l  function w i l l  
operate on 28 VDC primary power source. 
7. The system w i l l  not malfunction or  exhib i t  out of tolerance conditions a s  
a r e s u l t  of external  o r  i n t e r n a l  EMI. 
8 .  Whenever possible mounting points  s h a l l  be se lec ted  t o  minimize assymetric 
forces ac t ing  on equipment. 
9. Ground tracking da ta  i s  assumed ava i lab le  and u t i l i z e d  by t h e  RNS as 
backup. 
10. An a t t i t u d e  reference base, t o  which a l l  guidance, navigation and cont ro l  
sensors a r e  t o  be aligned s h a l l  be s t a r  t rackers .  
11. The GNC subsystem s h a l l  provide t h e  capabi l i ty  of determining RNS pos i t ion  
and velocity automatically and independent of ground support. These are: 
TLI + 1.8 mi and 2 fps ( r a d i a l )  
Coast .i: 15 mi and 2 fps  ( r a d i a l )  
EOI c 10 mi and 2 fps ( r a d i a l )  
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12. The GNC s h a l l  have t h e  capabi l i ty  of being ac t ive  or  passive i n  terminal  
rendezvous and docking maneuvers. 
13. The GNC subsystem s h a l l  time share a central ized d i g i t a l  c~mputer  t o  
oerfonn t h e  required computations. 
14. The integrated rad ia t ion  dose experienced by t h e  GNC equipment s h a l l  be  
limxted t o  109 n/cm2. 
D. Effectiveness Requirements 
1. R e l i a b i l i t y  
The probabi l i ty  of performing a l l  required guidance navigation and cont ro l  
functions f o r  t h e  translunar f l i g h t  operations s h a l l  be no l e s s  than .9995. 
The system s h a l l  be designed such t h a t  no s ing le  f a i l u r e  s h a l l  cause de- 
s t ruc t ion  of t h e  stage,  in jury  t o  t h e  crew, or  hazard t o  t h e  general  
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3. Maintainabil i ty 
There s h a l l  be no i n f l i g h t  maintenance 
E .  Interface Requirements 
1. In te r face  requirements between GNC subsystem and other pro jec t s .  
a. Provide f o r  cooperative ranging with other  systems, e.g., Earth Space 
Base, Lunar Space Stat ion.  
b. Provide f o r  rece ip t  of ground tracking da ta  for  RNS navigation. 
c. Provide f o r  control  and display from and t o  a manned payload. 
2. In te r face  requirements between GNC subsystems and other RNS subsystenis. 
a .  E l e c t r i c a l  power from e l e c t r i c a l  power subsystem power requirement: 
Normal (watts)  Peak (watts1 
Engine operation 500 2,000 
After cooling 400 400 
coast  50 50 
b. Environmental protect ion from environment control  subsystem. Thermal 
out_out of GWC subsystem 
c. Provide commands t o  auxi l ia ry  propulsion t o  a c t i v a t e  appropriate 
th rus te rs  f o r  a t t i t u d e  control .  
d. Provide commands t o  c m u n i c a t i o n  system f o r  i n i t i a l  point ing requirements. 
e. Provide commands t o  engine system f o r  t h r u s t  vector control  and 
issuance of d i sc re tes ,  e.g., engine s t a r t .  
f .  Provide charac te r i s t ics  t o  da ta  acquis i t ion  subsystems f o r  diagnostics 
and control  of t h e  GNC subsystem. 
g. Provide f o r  79,200 0PS/sec processing requirements and 16,000 words storage.  
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A. Functional Description 
A data management subsystem shall be provided to gather, process, store, and 
- 
RH RAS 
distribute internal performance and environmental data required to determine 
and evaluate subsystem performance, isolate malfunctions and exercise mission 
control. This function is composed of 
-- 
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a. Computation 
b. Data Acquisition 
c. Data Distribution 
d. Data Storage 
e. Display 
B. Design Characteristics/Constraints 
1. General 
(a) The Data Management Subsystem (DMS) shall be designed fol' 
the operational requirements with kit modifications to be 
used on development flights. 
(b) The airborne system shall be designed to operate on 28 M C  power. 
(c) Instrumentation components developed and/or qualified on nre- 
ceding programs shall be utilized to m a x i m  extent practicable. 
(d) The airborne system shall be designed to operate in the thermal, 
acceleration, temoerature; radiation, acoustic, etc., environ- 
ment established by stage and defined in RAS design criteria. 
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infclrwation and display generation s h a l l  be under software control .  
( f )  The DMS s h a l l  be f u l l y  automated with manual override capabil i ty.  
(g) The DliE s h a l l  provide t h e  primary da ta  f o r  check out of other  sub- 
systems a s  well  as  i t s e l f  t o  t h e  replaceable element l e v e l .  
(h) The Dm s h a l l  be capable of accepting uplink data.  
( i )  Provision s h a l l  be included f o r  d a t a  compression. 
2. Specif ic  
(a) Computation 
3 The computation function performing automated RNS control  s h a l l  
o Provisions for  replacement or  revision of programs s h a l l  be 
included on t h e  ground and v ia  uplink. 
o Fast  and slow access storage s h a l l  be ava i lab le ;  38,000 words 
of 32 b i t  high speed storage and 100,000 words of bulk 
storage i s  required. 
(b) Data Acquisition 
o The da ta  acquisi t ion functional  element s h a l l  provide the  
s igna l  conditioning, conversion, and message formatting. 
o The da ta  acquisi t ion functional  elemen s t a l l  include t h e  
caoabi l i ty  f o r  time d iv is ion  multiplexing and d i g i t i z i n g  
o Data acquisi t ion terminals s h a l l  be modular, include address 
decoding, p r i o r i t y  queueing and spec ia l  ins t ruc t ion  capabi l i ty  
t o  f a c i l i t a t e  t h e  order of message acquisi t ion.  
o Provisions w i l l  be made for  591 analog and 141 d i s c r e t e  measure- 
ments on t h e  operat ional  vehicle. 
o Sampling r a t e s  of encoded d i g i t a l  and analog da ta  w i l l  be a t  
t h e  r a t e  of 8800 samples per second or  88,000 b i t s l s e c .  
( c l  Data Distr ibution 
o Provision w i l l  be made t o  route c~mrnand and control  d a t a  
t o  each module. 
o Module in te r face  s h a l l  be v ia  a  da ta  bus capable of a  d a t a  
r a t e  of 0.5 x 06 Bits/sec 
( d )  Data Storage 
o Provide f o r  s torage and r e t r i e v a l  of da ta  f o r  onboard process- 
ing, transmission t o  ear th  a t  a  r a t e  of 8.5 x lo3 b i t s / sec  from 
ear th  orb i t  and lo3 b i t s / sec  a t  lunar distances.  
o Store data for  1 complete ear th  o r b i t  or 5 x lo6 h i t s  of data. 
o Allow for  selected display of mission c r i t i c a l  parameters i n  
a  manned RNS payload. 
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D. Effectiveness Requirements 
1. Reliabili ty 
a. The attainment of in ternal  performance data sha l l  not be considered 
a f l i gh t  c r i t i c a l  function. 
b. The probability of not achieving mission objectives due t o  improper 
performance of t h i s  function sha l l  be l e s s  than 0.0024 based on 
a 45 day mission. 
2. Safety 
N/A 
3. Maintainability 
No inf l ight  maintenance i s  required. 
E. Interface Rtquirements 
The Data Management Subsystem sha l l  interface with the  following: 
1. hoject/system Level 
a. The DMS sha l l  provide fo r  display of RNS characterist ics 
in  a manned payload module. 
b. ?he DMS sha l l  provide fo r  access from ground stations.  
orbi ta l  stations and/or manned payloads. 
2. Subsystem Level 
a. Ccanmunication - transmission of data, source of TIM data 
b. Structural  - s t ructura l  support and mounting, source of T/M data 
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DESIGN REQUIREMENTS 
A. Functional Description 
A command and control  function i s  required t o  enable t h e  transmission of d a t a  
between t h e  RNS and suuporting or dependent ex te rna l  elements. These da ta  t o  
be u t i l i z e d  f o r  performance evaluation, mission control ,  and s a f e t y  operations. 
B. Desipn ~haracteristics/~onstraints 
1. Provide f o r  d i r e c t  transmission with ground s ta t ions  and/or t ransmission 
paths through da ta  re lay  s a t e l l i t e s  t o  ground. 
2. Provide f o r  emergency transmission t o  accommodate s a f e t y  or abort  act ions.  
3. Provide f o r  rece ip t  of narrowband s igna ls ,  demodulating up t o  
Kbps of PSK d i g i t a l  da ta .  
4. Provide ranging signals  upon request t o  augment ground tracking.  
5. Provide f o r  high and low gain antenna system having charac te r i s t ics .  
6 .  Transmission distances s h a l l  vary from ear th  operations o r b i t  (262 m i )  
t o  lunar distances (220,000 m i ) .  
7 .  Provide f o r  r e a l  time comunicatioc. 
D. Effectiveness Requirements 
1. R e l i a b i l i t y  
The probabi l i ty  of successful  performance of t h i s  function s h a l l  not be 
l e s s  than .9995. 
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2. Safety 
The performance of t h i s  function shal l  not be considered f l i g h t  c r i t i ca l .  
3. Maintainability 
No inf l ight  maintenance. 
E. Interface Requirements 
1. The command and control subsystem sha l l  be compatible with ground 
processing and receiving capability. 
2. The cnmnand and control subsystem sha l l  interface with the da ta  
management subsystem for  the transmission t o  the  ground of 
diagnostic data. 
3. Allow fo r  control and data transfer with the space shut t le  and 
space tug during periods of physical mating. 
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DESIGN REQUIREMENTS 
A.  Functional Description 
Provisions w i l l  be made t o  generate, t ransmit ,  control ,  and d i s t r i b u t e  
e l e c t r i c a l  power t o  t h e  RNS's power consuming subsystems during t h e  t rans-  
lunar f l i g h t  operations. 
B. Design ~haracteristics/~onstraints 
1. During engine operation t h e  e l e c t r i c a l  power system (EPS) s h a l l  
provide 3.50 KWe nominal and 6.70 KWe peak f o r  short  periods. 
2. During t h e  artercooling phase t h e  EPS s h a l l  provide 1.20 KWe 
nominal and 2.50 n1e peak f o r  short  periods. 
3.  During t h e  coast ~ e r i o d  t h e  E X  s h a l l  provide 0.33 KWe nominal 
and 0.81 KWe peak for  short  periods. 
4. The EFS s h a l l  consist  of not l e s s  than two independent sources, 
each of which s h a l l  be capable of supplying emergency power f o r  an extended 
period assuming no second f a i l u r e  mode. 
5. The RNS's EPS s h a l l  be autonomous. However it s h a l l  have t h e  capabi l i ty  
of providing or  receiving e l e c t r i c a l  power t o  or from t h e  payload module 
as a backup for  emergency conditions. 
6.  Circuit  protect ion devices s h a l l  be provided a s  necessary. 
7. The EFS s h a l l  provide f o r  remote monitoring capabi l i ty  when t h e  
RNS i s  used i n  conjunction with a manned payload. 
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A. Functional Description 
Subsequent t o  t h e  Lunar Orbit Inject ion and t h e  associated cooldown maneuver 
lunar o r b i t  operations w i l l  be required t o  enable t h e  exchange of payloads 
between t h e  RNS and t h e  receiving agency (e.g. lunar space s t a t i o n ) .  
B. Design Characteristics/Constraints 
a .  Functional Requirements 
1. The RNS s h a l l  ac t  a s  a passive but cooperative t a r g e t  during rendezvous 
with a lunar o r b i t  space tug. 
2. The RNS payload s h a l l  provide f o r  docking and~mating t o  t h e  space tug. 
3. The RNS payload s h a l l  be transported t o  t h e  LOSS v i a  space tug. 
4. The RNS s h a l l  be capable of sustaining i t s e l f  while i n  t h e  lunar operations 
o r b i t .  
5. The RNS s h a l l  verify f l i g h t  worthiness p r i o r  t o  in jec t ing  i n t o  t h e  
transearth f l i g h t .  
6 .  Provide t h e  capabi l i ty  of separat ing and reacquiring payload while i n  
t h e  lunar operations o r b i t .  
7. Provide the capabi l i ty  f o r  performing an automatic but remotely 
control led f l i g h t  vehicle countdown. 
b. Subsystem Requirements 
1. Structure Subsyste-n 
O Provide a docking mechanism which a l igns  the  payload,locks it r ig id ly  
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t o t h e  CCM, t ransmits  a l l  subsequent loads and allows v e r i f i c a t i o n  
of i t s  i n t e g r i t y  a f t e r  acquiring the  re turn  payload. 
O Provide suf f ic ien t  meteoroid and thermal protect ion t o  survive a 
lunar o r b i t  s tay  of up t o  19 days, and ensuring zero p i t t i n g .  
O Provide suf f ic ien t  s t r u c t u r a l  inegr i ty  t o  withstand the loads 
resu l t ing  from payload undocking and docking. 
2. Propulsion Subsystem 
O Provide an APS f o r  a t t i t u d e  s t a b i l i z a t i o n  and control  f o r  lunar 
o r b i t  configurations with and without payload. 
O provide a propellant  management capabi l i ty  t o  maintain pressurizat ion 
within the  s t r u c t u r a l  capabi l i ty  of propellant  tanks.  
0 Provide for  an automated C/O p r ior  t o  commital t o  re turn  f l i g h t .  
3 .  Astrionics Subsystem 
O provide t h e  functional  subsystems t o  support power requiranents, 
a t t i t u d e  control  and s t a b i l i z a t i o n ,  telemetry,  communication, 
and f l i g h t  vehicle checkout while i n  lunar o r b i t .  
O Provide for  a  low power mode of operation while i n  a  standby mode 
i n  lunar o r b i t .  
O Provide navigation a ids  for  rendezvous and docking t o  space tug f o r  
payload exchange maneuvers. 
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D. Effectiveness Requirements 
1. Reliabili ty 
a.  The probability tha t  the functional subsystems sha l l  degrade i n  capabili ty 
so as t o  endanger the return leg  shal l  not exceed .98. 
b. Checkout of the f l i gh t  vehicle shal l  assure tha t  no faulty vehicle i s  
launched on the return leg,  with a probabilLty of .99 for manned 
payloads and .99 for  unmanned payloads. 
2. Safety 
a. The RNS shal l  not expose any lunar orbi t  system elenient t o  a radiation 
dose greater than 0.1 Rem per single NERVA engine burn. 
3. Maintainability 
a.  There shal l  be no requirement for  lunar orbi t  maintenance. 
E. Interface Requirements 
1. The docking interface between CCM and payload returned t o  earth sha l l  be 
common t o  that  used for  payload delivered t o  the moon. 
2. The RNS sha l l  receive updated navigation data fromMCC, as a backup. 
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A. Functional Description 
The objective of this function is to perform the flight operations required 
to return the RFIS and its payload to the earth operations orbit from the lunar 
operations orbtt. This f'unction is initiated at the successful campletion 
of the transearth countdown and is terminated with successful injection into 
the prescribed earth operations orbit. 
B. Design Characteristics/Constraints 
General : 
The design characteristics/constraints identified for function AA 1.2 (Perform 
translunar flight operations) generally apply to this function as well 
(replacing transearth for translunar). The following are characteristics 
and constraints peculiar to the transearth portion of the mission. 
1. Function Requirements 
a. Provide transearth and earth orbit inJection impulses cmensurate 
with the following: 
Lunar departure orbit - 60 IN, 90 Deg. 
Earth Arrival orbit -260 11M, 31.5 Deg. 
Moon-Earth flight time - 72 Ars. 
2. Subsystem Requirements 
a. Structure Subaystcn 
O Propellant loading varies from 71,000 lbs at initiation to 
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A. Functional Descriptions 
The object ive of t h i s  function i s  t o  perform those operations required t o  recycle 
t h e  RNS on t o  i t s  next mission. This function i s  i n i t i a t e d  a t  t h e  completion 
ACTIVITIES of cooldown required after ear th  o r b i t  in jec t ion  and i s  terminated with 
successful  countdown for  t rans lunar  in jec t ion .  
B. Design Characteristics/Constraints 
The following a re  requirements i n  addit ion t o  those i d e n t i f i e d  i n  Function AA 1 . 2  
(Assemble and checkout lunar s h u t t l e  f l i g h t  vehicle) .  
1. Fbnctional Requirements 
a. Provide for  pos i t ive  safing of t h e  RNS system subsequent t o  powered 
b. Provide the capabi l i ty  of separat ing and transport ing the  re turn  payload 
t o  i t s  designated s i t e .  
c. Provide t h e  capabi l i ty  t o  perform a post  f l i g h t  checkout f o r  t h e  Autonomous v s  
purpose of identifying cor rec t ive  maintenance. ground control  o r  
d .  Provide the  capabi l i ty  t o  perform i n  s i t u  maintenance t o  t h e  module space base control  
l e v e l  ( i . e . ,  CCM, propellant  module, propulsion module) 
Evaluate a l t e r n a t e  
propellant  resupply 
e .  Provide the  capabil i ty t o  r e f u e l  t h e  RNS with up t o  300,000 l b s  of LH2. 
PERFOW-! RNS TURPJAROUND A C T I V I T I E S  AA 1 . 5  
DESIGN REQUIREMENTS 
a. Structure subsystem same a s  for  Fuhction AA 1.1M. 
'PURNAROUND b. Propulsion subsystem 
ACTIVITIES O Provide t h e  functional  subsystems t o  support on o r b i t  refueling.  
Included a r e  the  provisions for  pos i t ive  accelerat ion flow l e v e l  
control ,  e t c .  
c .  Astrionics Subsystem 
O Provide the  da ta  management capabi l i ty  t o  support post  f l i g h t  checkout 
and propellant  refueling operations. 
O Provide a t t i t u d e  s t a b i l i z a t i o n  and control  for  t h e  RNS having a 
varying weight h i s tory  re f lec t ing  a zero and full propellant  load.  
D. Effectiveness Requirements- 
1. Rel iab i l i ty  
a. Post f l i g h t  checkout s h a l l  assure i d e n t i f i c a t i o n  of a f a u l t y  module v f t h  
a success probabi l i ty  of not l e s s  than .99. 
b.  A t  t h e  completion of the  turnaround a c t i v i t i e s  t h e  RNS s h a l l  have a 
mission success probabi l i ty  of not l e s s  than .9750 for  the  ensuing 
mission. 
a .  Total rad ia t ion  dose for  RNS maintenance personnel w i l l  not exceed 
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b. Total integrated radiat ion dose from t h e  RNS t o  any manned o r b i t a l  
support system w i l l  not exceed 25 Rem per year .  
3. Maintainabil i ty 
a .  I n  o r b i t  maintenance s h a l l  be r e s t r i c t e d  t o  module replacement l e v e l .  
b.  Only t h e  CCM s h a l l  require routine maintenance, maintenance on other  
modules s h a l l  be on a need basis .  
E. In te r face  Requirements 
1. System Level 
a. Propellant  resupply f o r  t h e  RNS s h a l l  be by way of i n t e g r a l  source 
s h u t t l e  tanker,  a s  a r e s u l t  functional  subsystems s h a l l  be required 
t o  manage t h e  propellant  t ransfer  and cont ro l  t h e  orb i t ing  configurat ion.  
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DESIGN REQUIREMENTS 
A .  Functional Description 
The object ive of t h i s  function i s  t o  provide t h e  means t o  protect  t h e  spacecraf t ,  
personnel and general public i n  t h e  advent of an RNS f a i l u r e ,  a t  any time 
throughout t h e  mission p r o f i l e .  
B. Design Characteristics/Constraints 
1. No s ing le  f a i l u r e  or  c red ib le  mult iple f a i l u r e s  i n  the  RNS s h a l l  cause e i t h e r  
the d i r e c t  death of the  crew or  general public,  nor t h e  i n a b i l i t y  of the  
crew t o  reach a sa fe  haven with i n t e r n a l  o r  reasonable external  means. 
2. Provision s h a l l  be made t o  accommodate the  following c lasses  of f a i l u r e :  
a. Fai lures which do not require an abort o r  s ign i f ican t  a l t e r a t i 6 n  
of the  normal mission plan and do not r e s u l t  i n  t h e  addit ion of s ing le  
f a i l u r e  points  t o  the  system. 
b.  Fai lures which allow t h e  stage t o  continue a t  normal ra ted  condit ions;  
do not require an immediate abort  but  do introduce addi t iona l  s i n g l e  
fu ture  points  t o  t h e  system. 
1. Failures t h a t  do not r e ~ u i r e  any ac t ion  t o  continue and complete 
the  mission. 
2. Failures t h a t  require some act ion t o  allow continued normal operation 
but comptetion of the  mission i s  allowed. 
3 .  Failures t h a t  allow normal operation but a t  a penalty t o  
consurnables thereby cheating a s i tua t ion  where mission completion 
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may not be possible. 
c. Fai lures t h a t  r e s u l t  i n  the  l o s s  of a b i l i t y  t o  achieve or maintain 
normal conditions but w i l l  allow operation a t  a reduced leve l .  
d. Fai lures t h a t  r e s u l t  i n  a prompt l o s s  of RNS control  o r  t h r u s t  capabi l i ty ,  
o r  prompt destruct ion of t h e  RNS. 
1. Failures which r e s u l t  i n  l o s s  of cont ro l  of the  f l i g h t  path. 
2. Fai lures t h a t  r e s u l t  i n  complete l o s s  of engine operation except 
cooldown. 
3 .  Failures t h a t  r e s u l t  i n  complete l o s s  of engine operat ion including 
cooldown. 
4. Failures t h a t  r e s u l t  i n  prompt destruct ion of t h e  RNS. 
e. Fai lures t h a t  r e s u l t  i n  i n a b i l i t y  t o  perform ear th  o r b i t  o r  lunar 
o r b i t  operations. 
3. To the  degree possibl. functinnal  subsystems s h a l l  be designed t o  f a i l  safe.  
4. F'rovisions w i l l  be maie f o r  engine operation i n  an emergency mode for  a ERVA Refer- 
s ingle cycle yielding t h e  following: 
Sustained t h r u s t  - 30,000 tBs 
Specif ic  Impulse - 500 sec 
Total Impulse - lo8 lb-sec 
I FUNCTION NAME 81 NUMBER DESIGN REQUIREMENTS 
The resu l tan t  t h r u s t  s h a l l  be a t  l e a s t  80% of ra ted  value with spec i f ic  
impulse a t  ra ted  value. Engine f l i g h t  operations s h a l l  be normal. 
6 .  Functional subsystems and software s h a l l  be provided t o  sense incipient  
f a i l u r e s  and degradation i n  subsystem performance t h e  r e s u l t  of which 
may endanger t h e  crew, spacecraft ,  or general public and/or compromise 
mission success. 
Effectiveness Requirements- 
1. Rel iab i l i ty  
a .  Provisions s h a l l  be made f o r  correct ive act ions t h a t  w i l l  assure a 
crew survival  probabil i ty of not l e s s  than .999 a t  any phase of t h e  
mission. 
In te r face  Requirements 
1. Provisions s h a l l  be made for  external  control  of t h e  RNS t o  a f fec t  abort  
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t o  assure the  e f fec t ive  and economical support of the RNS system o r  equipment 
a t  a l l  l e v e l s  of maintenance f o r  i t s  programmed l i f e  cycle.  
B. Design Characteristics/Constraints 
1. I n  s i t u  maintenance of the  RNS s h a l l  be r e s t r i c t e d  t o  replacement of 
complete modules; e . ~ . ,  propel lant  module, command and cont ro l  module, 
propulsion module. 
2. T e r r e s t r i a l  l o g i s t i c s  of RNS modules s h a l l  r e f l e c t  100 percent replacement 
maintenance capabi l i ty .  
3 .  Replenishment of LH2 p rope l l l an t  s h a l l  be v i a  d i r e c t  t r a n s f e r  from space 
shu t t l e .  
4. No EVA s h a l l  be required t o  support i n  s i t u  maintenance. Disassembly 
and replacement of modules s h a l l  be automated. 
5 .  Control and management of l o g i s t i c  support operat ions w i l l  be organizat ional ly 
and geographically central ized f o r  RNS support during pre-launch, mission 
and post f l i g h t  operat ions.  
6 .  Provide operat ing and maintenance instruct ions/proceaures fo r  both i n  s i t u  
and t e r r e s t r i a l  environments. These documentations w i l l  be i n  handbook 
format so  a s  t o  f a c i l i t a t e  t h e i r  updating. 
7 .  I n i t i a l  spares and s u ~ p l i e s  f o r  the  RNS s h a l l  be based on l o g i s t i c s  analyses. 
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Replenishment of stock w i l l  be based on inventory control  l e v e l s .  
8 .  Provide for  the  manajement of spares and supply l e v e l s  re f lec t ing  maintenance 
a c t i v i t i e s  and pipeline constraints .  Included a r e  surveil lance accountabil i ty 
and "on l ine"  report ing of all asse t s ,  resupply planning t o  iden t i fy  long 
term requirements for  each resupply mission, and staging of resupply 
material .  
9 .  Provide f o r  packagin~  and transportat ion of spares and supply. Requirements 
for  t e r r e s t r i a l  ship3ents and storage s h a l l  be i n  accordance with TBD . 
Requirements f o r  s h i w e n t s  t o  ear th  o r b i t  s h a l l  assure survival  during 
launch; and s h a l l  f a c i l i t a t e  deployment i n  a weightless environment and 
i n  an automatic mode. 
10.  Provide configuration management support through ident i f ica t ion  of 
inventories and implementation of equipment changes during t e r r e s t r i a l  
maintenance. 
11. Maintain a s t a f f  of qualif ied personnel a t  reouired locat ions t o  assure 
the a v a i l a b i l i t y  of required s k i l l s  t o  support t h e  l o g i s t i c s  operations. 
12. Provide t h e  capabi l i ty  t o  perform t e r r e s t r i a l  maintenance on t h e  CCM. 
Included a r e  the  functions of preventive maintenance, cor rec t ive  maintenance, 
refurbishment and bench repa i r .  
D. Effectiveness 
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f a i l u r e  w i l l  not exceed .05 percent of t h e  allowable downtime for  t e r r e s t r i a l  
maintenance. Suf f ic ien t  CCM's s h a l l  be i n  t h e  pipel ine such t h a t  i f  one 
regularly scheduled resupply mission i s  missed, it w i l l  not jeopardize t h e  
scheduled operation of the  RNS. 
E. Interfaces 
The l o g i s t i c s  support function s h a l l  in te r face  with t h e  following: 
a. Manufacturing - production of spares and s u p p b .  
b.  Configuration Mgmt - i d e n t i f i c a t i o n  of incorporated mod k i t s .  
c. Space s h u t t l e  - scheduling and packaging of spares and supply. 
d. RNS Operations - scheduling and packaging of spares and supply. 
Defini t ion of allowable pipel ines.  
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FUNCTIONAL AREA 
A .  Functional Description 
Provide t h e  means for  f rac t iona l  and i n t e g r a l  disposal  of t h e  RNS system 
subsequent t o  i t s  completion of t h e  loth cycle of operations. (Disposal 
requirements resu l t ing  from abort a r e  discussed separately i n  Reference 1.6) .  
B. Design Characteristics/Constraints 
1. Provide t h e  means t o  i n j e c t  the  propulsion module i n t o  a he l iocent r ic  o rb i t .  AC Phase I 
2. Provide t h e  means for  a oneway unmanned payload t r i p  t o  a he l iocent r ic  o r b i t .  
3. Provide for  return of CCM t o  earth f o r  possible salvage and/or refurbishment. 
4. Disposal of propellant modules(s) s h a l l  be passive ( i .  e. v i a  natural  o r b i t  
decay). 
5 .  End of l i f e  disposal  s h a l l  be i n i t i a t e d  from t h e  nominal ear th  operations 
o r b i t .  AC Ground- 
D. Effectiveness Requirements 
1. R e l i a b i l i t y  
The probabi l i ty  of a sa fe  disposal  of t h e  propulsion module s h a l l  be a t  
l e a s t  ,995. 
2 .  Safety 
a .  Disposal of t h e  propulsion module s h a l l  be performed so a s  t o  preclude 
exposure t o  the  general public.  
b. Engine in tegr i ty  during disposal  s h a l l  be assured. 
Evaluate i n t e g r a l  
disposal  of RNS 
Evaluate use of 
disposal  f o r  opera- 
t i o n a l  mission 
Evaluate s e l f  dis-  
posal vs use of 
ex te rna l  source 
Evaluate rqmts 
for  pos i t ive  de- 
o r b i t  i n t o  control ,  
ed area. For RNS-3 
include r e t u r n  v i a  
space s h u t t l e  
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A. Functional Description 
The Class 3 RNS w i l l  be received a t  Launch Complex 39 of KSC i n  modular form. 
Each module w i l l  be inspected, checked out, prepared f o r  i t s  intended function 
a s  appropriate, mated t o  its launch vehicle,  and boosted t o  a 260 m i  31.5' 
inc l ina t ion  c i rcu la r  o rb i t .  
B. Design ~haracteristics/~onstraints 
1. The Class 3 RNS i s  composed of:  
a. Eight propellant mcdules. Each module i s  60 ft long by 
15 f t  i n  diameter and has a propellant  capacity of 
36,500 l b  of LH2. 
b. One propulsion module - 
This module i s  59 ft long and 13.3 ft i n  diameter. It 
includes a 10,850 l b  LH run tank, the  NERVA nuclear engine, 2 
an APS, and t h e  associated e l e c t r i c a l  control  equipnent. 
c. One cammand & control  module - 
It i s  6 f t  long and approximately 15 ft i n  diameter and contains a l l  
t h e  as t r ion ics  functions,  t h e  auxi l ia ry  propulsion system, 
and t h e  e l e c t r i c  power system. 
2. The Class 3 RNS modules w i l l  h e  launched t o  o r b i t  by t h e  space shut t le .  
3. The space s h u t t l e  consists  of t h e  "orb i te r"  and the"booster" and w i l l  
he as defined bv t h e  s h u t t l e  s tud ies .  
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approximately 27,000 lbm of LH2. 
5. The propulsion module w i l l  contain no propellant  when launched t o  o r b i t  
and it w i l l  be f u l l y  poisoned with poison wires. 
6. The command & control  module w i l l  be launched t o  o r b i t  f u l l y  charged 
with A x  propellant  and e l e c t r i c  power system reactant .  Power w i l l  be 
brought "up" i n  orb i t .  
7. The individual  modules of t h e  Class 3 RNS w i l l  be received f u l l y  
checked out. Their functional  in te r faces  with t h e  orb i te r  and t h e i r  
contiguous modules i n  o r b i t  w i l l  be ver i f ied  a s  correct  a t  t h e  manu- 
fac turers  through master f ix tures .  
8. Checkout of t h e  Class 3 RNS propulsion module a t  KSC w i l l  be l imited t o  
receiving inspection, and ver i f ica t ion  of t h e i r  in te r faces '  proper i n s t a l -  
l a t i o n  i n t o  t h e  space s h u t t l e  o rb i te r .  
9. Modules of t h e  Class 3 RNS w i l l  be monitored by t h e  s h u t t l e  o r b i t e r  a f t e r  
i n s t a l l a t i o n  of t h e  module i n t o  t h e  o r b i t e r  with re lay  capabi l i ty  t o  
mission control. 
10. The modules w i l l  be passive during boost t o  o r b i t  except f o r  monitoring 
required by safe ty ,  venting, and pressurizat ion.  
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11. Subsystem checkout of t h e  space s h u t t l e  o rb i te r  w i l l  be corrpleted 
pr ior  t o  loadin( - - dule i n t o  t h e  orb i te r .  
12. Environmental protect ion of t h e  modules w i l l  be provided and main- 
tained.  External sources w i l l  be used. ( ~ n c l u d e s  HPI purge). 
C. Effectiveness 
1. R e l i a b i l i t y  
(same as RIiS Ill RAS) 
2.  Safety 
(same as RNS Ill RAS) 
D. In te r faces  
1. RNS/~auncb Vehicle 
a. The in te r faces  between t h e  RNS Class I11 modules and t h e  space 
s h u t t l e  launch vehicle w i l l  s a t i s f y  t h e  following requirements: 
o Provide s t r u c t u r a l  support and s t a b i l i t y  
during launch. 
o Accormnodate dimensional changes due t o  thermal 
expansion and contraction. 
o Provide propellant and reac tan ts  load capabi l i ty  t o  
modules from ground umbilicals. 
ORlG BATE APPROVAL 
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A. Functional Descript ion 
The RNS-1H w i l l  be received a t  KSC, complex 39, i n  moAular form, inspected,  checked 
o u t ,  mated t o  i t s  launch veh ic les ,  and boosted i n t o  i t s  ea r th  operat ions o r b i t  
B. Design ~haracteristics/Constraints 
1. The Class 1 hybrid reusable nuclear  s t age  (RNS-1~)  i s  composed of t h r e e  ~ o d u l e s :  
a .  Propel lant  Module (PM) - 33 ft diameter ,  100 f t  lone: havinp a 
propel lant  capaci ty of 289,150 Klbs. 
b. Engine Module (EM) - 13 .3  ft diameter, 59 ft long. It i s  composed 
of t h e  NERVA nuclear  engine and a run tank with associated 
support6rrg e l e c t r i c a l  equipment. 
c. Command and Control Module - 6 ft high,  max. diameter of approx 
22 ft. It houses t h e  a s t r i o n i c s  funct ions.  
2. The RNS-1H w i l l  be launched i n  a f r a c t i o n a l  mode u t i l i z i n g  t h e  INT-21 
f o r  t h e  propel lant  module, and EOS f o r  t h e  engine module and Command 
and Control module. 
3. The INT-21 Launch Vehicle (LV) s h a l l  cons i s t  of t h e  SIC f i r s t  s t a a e ,  S I I  
second s tage ,  and a r e c o n l i p r e d  33 f t  diameter I U  s tage.  A l l  s tages a r e  
func t iona l ly  s imi la r  t o  exist in^ systems, and a r e  defined i n  t h e  Boeing 
Co. documents D5-15583 and 5-1085-INT-21-07 
4. For i n i t i a l  deployment t h e  propel lant  module w i l l  be f i l l e d  with 92,000 l b s  
of LH2 
FUNCTIONAL DIAGRAM TITLE AND NUMBER 
PERFORM ~ W E l  IAUKC:: OPmATIOIJS (ms-B) - 11.0 
MDAC 
PHASE I11 
STUDY 
NASA G&C 
I6DAC 
PHASE I11 
STUDY 
hDAC 
Ground 
Rule 
NASA. GIC 
Document 
PD-SA-P-70- 
63 5/28/60 
1m-21 Pld 
Capabil i ty  
i n t o  e a r t h  
operat ions 
Maintenance 
Shielding,  
~ f t / d m e  
Shielding,  
Operations, 
Component L.O. 
Evaluate  
I n t e g r a l  
Launch 
REV & DATE APPROVAL 
VERIFIED 
FUNCTION 
NAME Fk 
NUMBER 
PERFORM 
EARTH 
LAUNCH 
OPERATIONS 
(ms-lH) 
4.0 (cont 'd)  
RH RAS 
EQUIPMENT 
DESIGN REQUIREMENTS IDEMTI FICATION FACILITY, CSE TRADE S U D I E S ,  REQUIREMENTS ANALYSES 
5 .  The engine module w i l l  be devoid of propellants  for  launch within t h e  EOS. 
6.  Launch w i l l  be from KSC complex 39, e i t h e r  pad A o r  B. 
Limitation 
" U A w  1 
7. The physical and functional  in te r faces  between t h e  RNS-1H modules and t h e i r  I I 
respective launch vehicles a r e  a s  described i n  Section D. I I I I 
8. The engine module launch s h a l l  be within one day a f t e r  t h e  inser t ion  / MDAC PAC I I I 
of t h e  propellant module i n t o  orb i t .  I I I I 
9. The individual  RNS-1H modules s h a l l  be received a t  KSC f u l l y  checked out. 
Interfaces between RNS-1H elements w i l l  be functionally v e r i f i e d  a t  t h e  
factory using master in te r face  subs t i tu tes .  
10. The onboard checkout system within the  command module w i l l  be used a s  t h e  
basic t e s t  instrument for  launch operations on the  propellant  module. I I I I 
Additidnal GSE w i l l  be furnished a s  recuired,  e . ~ . .  power, spec ia l  s t imul i ,  e t c .  I I I 
11. Checkout of t h e  RNS-1H engine modules a t  KSC w i l l  be r e s t r i c t e d  t o  receiving I " I I I 
inspection an9 ver i f ica t ion  of proper i n s t a l l a t i o n  i n t o  t h e  EOS orb i te r .  I I I I 
12. The individual  RNS-1H modules w i l l  be passive during t h e  boost function with I " I I I 
the  exception of a monitoring and control  capabil i ty f o r  RNS-1H system I I I I 
safe ty ,  e.R., vent in^: and pressurizat ion.  I I I I 
13. A l l  INT-21 launch vehicle assembly and checkout operations w i l l  be performed NASA r&c I I 
with exist inq eauipment and procedures. However, some modifications w i l l  be I I I 
required t o  accommodate a new I U  conf imra t ion .  I I I I 
14. EOS launch vehicle assembly and checkout TBD. I I I I I I I I 
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15. The INT-21 Launch Vehicle w i l l  have success f i l ly  passed t h e  integrated 
launch vehicle t e s t  p r ior  t o  t h e  matinu of t h e  RAS-1H propellant  module. 
16. The EOS o r b i t e r  w i l l  have accomplished subsystem checkout pr ior  t o  loading 
of t h e  RNH-1H engine module and command and control  module. 
17. Existing Complex 39 f a c i l i t i e s  s h a l l  be used t o  t h e  maximum deqree feas ib le .  
Included a r e  t h e  Mobile Launcher, VAB. Launch Pad, and Launch Control 
Center; t h e  Mobile Service Structure w i l l  be excluded. 
18. During launch checkout operations environmental cont ro l  w i l l  be urovided 
by external  sources. 
D. Effectiveness 
1. R e l i a b i l i t y  
a .  Assembly, C / O ,  and launch of t h e  RRS-1H propellant  module v i a  INT-21 
s h a l l  be performed within TBD days with a probabi l i ty  of .90 .  
b. Assembly, C/O, and launch of the  RNS-1H engine module and command and 
control  module v i a  EOS s h a l l  be performed within TBD days with a 
probabil i ty of .go. 
c.  The r e l i a b i l i t y  goal of successful in jec t ion  of the  modules i n t o  a 
260 nmi, 31.5 deg o r b i t  s h a l l  be 0.895 f o r  t h e  propellant  module and 
TBD for  t h e  engine module. 
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2. Safety 
a. In  t h e  event of a nearby explosion of a f a c i l i t y  or  launch vehicle 
t h e  f l i g h t  vehicle s h a l l  withstand a peak overvressure of 0.4 psi .  
b.  The engine module s h a l l  be so  confiwred a s  not t o  com~romise t h e  
sa fe ty  of t h e  EOS. 
c. A capabi l i ty  f o r  performing a c r i t i c a l i t y  monitor in^ function on t h e  
NEWA d u r i n ~  t h e  launch operations s h a l l  be provided. 
D. In te r faces  
1. The interfaces between the  RNS-1H modules and t h e i r  respective launch 
vehicles w i l l  include t h e  followinp: requirements: 
o Provide s t r u c t u r a l  support of the  modules during launch - INT-21 for  
Propellant Module Space Shutt le  for  Eneine Module. 
o Provide access capabi l i ty  t o  the  Engine Module while i n s t a l l e d  i n  t h e  
cargo bay of t h e  Space Shutt le  o rb i te r .  
o Provide capabi l i ty  f o r  transmission of payload s t a t u s  information t o  
mission control  and f o r  rece ip t  and re lay  of ground s igna ls  t o  t h e  
payload - INT - 21 f o r  Propellant Module, Space Shut t le  f o r  Engine Module. 
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A. Functional Description 
The c m a n d  and control  module w i l l  be received. It w i l l  be inspected, 
t es ted ,  checked out, and prepared f o r  i t s  mate t o  t h e  Space Shut t le  Orbiter .  
B. Design ~haracteristics/~onstraints 
1. The command and control  module consists  of t h e  e l e c t r i c  power system, 
auxi l ia ry  propulsion system, and as t r ion ics  system f o r  t h e  R E .  
2. The CQd w i l l  i n te r face  with t h e  o r b i t e r  s o  t h a t  it accommodates the  
launch loads imparted t o  it and provides s t a t u s  information t o  t h e  
o r b i t e r  during countdown, boost, and o r b i t a l  deployment. 
3. The CCM w i l l  be received a t  t h e  KSC i n  a fully checkout condition 
from t h e  manufacturer. It w i l l  be received i n  a hermetic container 
t h a t  i s  coupled t o  monitoring instnrmentation which maintains a 
record of t h e  environmental s t r e s s e s  t o  which t h e  CCM i s  subject  
p r ior  t o  a r r i v a l  a t  KSC. 
4. The CCM w i l l  accommodate t h e  o r b i t e r  /mobile launcher umbil ical  in te r faces  
f o r  loading of APS propellant  ana charging of t h e  EF3 reactants  on t h e  
launch pacl during countdown. 
C. Effectiveness 
1. R e l i a b i l i t y  - The probabi l i ty  of a successfi l  inspection,  t e s t  and checkout 
s h a l l  be grea te r  than 0 . 9 9  
2. Safety 
N/A 
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REQUIREMENTS 
o CCM instrumenta- 
t i o n  k i t ,  En- 
vironmental. 
o CCM instrumenta- 
t i o n  t r a i l e r ,  En- 
vironmental. 
o Umbilical k i t  
TRADE STUDIES, 
ANALYSES 
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PEWOR4 PREMADING PREPARATIONS ON C @ Q m  ABD CONTROL MODULE 4 .1  
1 QRIGDATE -- APPROVAL I DCPG 1\80. B VERIFIED - 
FUNCTION 
PIANIE & 
NUMBER 
-- - -  
PERF0R.I 
PRELOADING 
PREPAPATIONI 
ON CM.IMAND 
AND CONTROL 
MODULE 
4.1 (cont 'd:  
DESIGN REQUIREMENTS 
- 
D. Interfaces 
1. CCM/~eceiving - F a c i l i t y  
a. The CCM and t h e  launch f a c i l i t y  w i l l  s a t i s f y  the  
following requirements: 
o Provide an environmentally control led a rea  t h a t  
w i l l  accanmodate t h e  receiving and unloading of t h e  CCM. 
o Provide the  capabi l i t i es  necessary t o  accomplish t h e  
v i sua l  inspection of t h e  CCM, i t s  v e r i f i c a t i o n  as t o  
i n t e g r i t y ,  and t h e  completeness of t h e  received ship- 
ment with respect  t o  t h e  requirements of t h e  launch. 
o Provide capabi l i ty  t o  ver i fy  t h e  conformity of t h e  
in te r face  s t ruc ture  of t h e  CCM with t h e  in te r face  
s t ruc ture  of t h e  o r b i t e r  
REQMT 
SOURCE 
EQUIPMENT 
IDENTlFiCATiON 
CEI, OR SECONDARY 
FUNCTIONAL AREA 
FACILITY, GSE 
REQUIREMENTS 
o Access h i t  
o Orbiter subsi tute 
(5@ of DSV-48- 
267) 
o CCl4 Instrumenta- 
t i o n  checkout mit 
( 1 0 6  of 279) 
o In te r face  t e s t  
f ix tures  CCM/ 
o rb i te r  CCM/ML 
TRADE STUDIES, 
ANALYSES 
I RH RAS I FUNCTIONAL DIAGRAM TITLE AND NUMBER 1 REQUIREMENT ALLOCATION SHEET 
PERFORM PREMADING PREPARATIONS ON COMMAND AM) CONTROL MODULE 4,1 I 
REV & DATE ORlG DATE APPROVAL DOC NO. PG. of 
REV & DATE VERIFIED 
I FUNCTION NAME & NUMBER DESIGN REQUIREMENTS I 
RECEIVE CCPl A. Functional Description 
I PREPARE FOR I The command and control  module be received and i t s  p ro tec t ive  covers 
I IITSPECTION I removed. It w i l l  be i n s t a l l e d  on an inspection f i x t u r e ,  access k i t s  
I 4.1.1 I and t e s t  s e t s  ins ta l led .  
B. Design ~haracteristics/~onstraints 
1. The CCM w i l l  be received a t  t h e  Low Bay of t h e  VAB, unloaded from 
I I i t s  t ranspor te r ,  and i n s t a i l e d  i n  a Low Bay Cel l  f o r  receiving 
inspection. 
2. The handling equipment and inspection f i x t u r e s  w i l l  accommodate t h e  
I CCR together with t h e  necessary protect ive devices, and not subject  I I it t o  undue loads or environmental s t ress .  
C.  Effectiveness 
1. Rel iab i l i ty  
N/A 
2. Safety 
N/A 
D. In te r faces  
1. The CCM w i l l  i n te r face  with t h e  receiving inspection handling equipment 
and inspection f ix ture .  These equipnent and f i x t u r e s  w i l l  s a t i s f y  the  
following requirements: 
I RECEIVE CCM, PREPARE FOR INSPECTION h .  1.1 
FACILITY, GSE 
o Environmental 
Protect ion cover 
k i t  (2% of 304) 
o Handling k i t ,  CCM 
o Cradles kit, CCM 
o Hoist k i t ,  CCM 
o Spec ia l  t o o l  k i t ,  
CCM (501& of 305) 
o Pneumatic Console 
RIG DATE - 

FUNCTION 
NAME & 
NUMBER 
PERFORU 
VISUAL 
INSPECTION 
VERIFY 
INTEGRITY & 
COMPmENESS 
4.1.2 
RH RAS 
REV & DATE ORlG DATE APPROVAL DOC NO. PG. Of 
REV & DATE VERIFIED 
DESIGN REQUIREMENTS 
A. Functional Description 
The Cm w i l l  receive a walk around inspection and be checked fo r  completeness. 
I t s  monitoring systems used during shipment and the i r  records w i l l  be 
removed and checked. 
B. Design Characteristics and Constraints 
1. The inspection f ix ture  w i l l  support the CCM safely and without damage. 
It w i l l  support the Cm i n  a position tha t  provides maximum convenience 
i n  f ac i l i t a t ing  inspection. And it w i l l  provide access as necessary t o  
personnel and checkout equipnent i n  order that  a l l  inspection functions 
may be completed. 
2. The monitoring equipnent, i t s  sensors and recorders w i l l  have convenient 
check points t o  f a c i l i t a t e  verification tha t  it i s  functioning properly and 
has properly recorded the  s ta tus  of the  Cm during shipnent. 
3. The sensing devices attached t o  the  Cm w i l l  be removable without impos- 
ing any ccmpromise on the  functional in tegr i ty  of the  CCM. 
C. Effectiveness 
1. Reliabili ty 
The probability of a successful inspection sha l l  be 0.999. 
2. Safety 
N/A 
FUNCTIONAL DIAGRAM TITLE AND NUMBER 
PERFORM VISUAL INSPECTION, VERIFY INTEGRITY & COMPLETENESS 4.1.2 
REQMT 
SOURCE 
PHASE I11 
BASELINE 
CONTRACTOR 
EQUIPMENT 
IDENTI FlCATlON 
CEI OR SECONDARY 
FU~CTIONAL AREA 
REQUIREMENT 
FACILITY, GSE 
REQUIREMENTS 
ALLOCATION SHEET 
TRADE STUDIES, 
ANALYSES 
DESIGN REQUIREME REQUIREMENTS 
D. Interfaces 
1. The CCM monitoring equipment w i l l  i n te r face  with t h e  crew and t h e  CCM. 
a. It w i l l  be removable while t h e  CCM i s  i n s t a l l e d  i n  t h e  
inspection f ix ture .  
INTEGRITY & b. The parameters measured and t h e i r  records w i l l  be accessible 
t o  t h e  crew. 
c. The sensors used by t h e  monitoring equipment w i l l  be remov- 
able i f  appropriate. Otherwise, they w i l l  be designed t o  
remain i n  place without compromising t h e  i n t e g r i t y  of t h e  
DESIGN REQUIREMENTS 
VERIFY CCM/ A. Functional Description 
ORBITER The interfaces of t h e  ~CM/orbiter w i l l  be ver i f ied  t o  be ready f o r  loading. 
INTERFACE, B. Design ~haracteristics/~onstraints 
PREPARE FOR 1. The CCM w i l l  mate t o  t h e  ~ r b i t e r / c ~ M  ver i f ica t ion  f ix ture .  Their 
LOADING I mechanical and e l e c t r i c a l  in te r face  w i l l  be ver i f ied .  
4'1'3 1 2 ,  The CCM w i l l  mate t o  the  o r b i t a l  dock & mate v e r i f i c a t i o n  f ix ture .  Con- 
f igura t ion  control  w i l l  be' maintained t o  guarantee t h a t  t h e  dock & mate 
I charac te r i s t ics  of t h e  CCM conform t o  i t s  o r b i t a l  assembly requirements. 
1 3. The CCM and i t s  interfaces with t h e  t r a n s f e r  do l ly  and handling k i t s  w i l l  
be ver i f ied  as necessary t o  assure sa fe  t r a n s f e r  t o  t h e  loading area. 
C.  Effectiveness 
1. R e l i a b i l i t y  
The probabil i ty of a successful  mating s h a l l  be grea te r  than 0.999. 
2. Safety 
D. In te r faces  
1. The interface of t h e  CCM with i t s  o r b i t e r / c c ~  in te r face  v e r i f i c a t i o n  
I f i x t u r e  w i l l  not degrade t h e  f l i g h t  readiness of t h e  CCM. 
1 2. The interface of t h e  CCM with i t s  dock & mate v e r i f i c a t i o n  f i x t u r e  w i l l  I s a t i s f y  i t s  functions i n  a manner t h a t  w i l l  not degrade t h e  f l i g h t  
I VERIFY C~~.I/ORBITER INTERFACE, PRFPARE FOR LOADING 4.1.3 
REV& DATE - - 
4.2.1 4.2.2 4.2.3 REF REF 4.3 
TO ORBITER & 
I 
CONTRACTOR 
LOAD CCM ON ORBITER MATE AND VERIFY - 4.2 
I 
PRE-IIC REV & DATE - ORlG DATE APPROVAL DOC NO. PG 
IIC REV 6 DATE ORlG DATE VERIFIED DOC NO. PG 
SLI REV R DATE ORlG DATE - VERIFIED DOC NO. PG 
DESIGN REQUIREMENTS 
The CCM w i l l  be transported t o  the  space shut t le  maintenance area. It wi l l  
I O R B I ~ ,  I be loaded in to  t he  orbiter,  mated, and interface connections verified.  
AND B. Design charscteristics/constraints 
VERm 1. The transportation dolly w i l l  be designed t o  remove the CCM t o  the  shut t le  
4.2 
maintenance area such tha t  it does not comp r m i s e  the launch readiness of 
t he  CCM. 
I / 2. The cm/orbiter interface rill accommodate t he  umbilical connections re- I I quired and the  loads imparted during boost t o  orbi t .  I I 3. Data from the  CCM w i l l  be provided t o  the orbi ter  on i t s  status.  
C. Effectiveness 
1. Reliabil i ty 
The probability tha t  the loading operation i s  successfhl s h a l l  be greater 
than 0.99. 
2. Safety 
I D. Interfaces 
1 The CCM VAB transportation dolly w i l l  maintain environmental control as  necessary I I t o  assure CCM a r r iva l  a t  the  orbi ter  i n  a mate-ready condition. I I The cCM/orbiter interfaces w i l l  provide s t ruc tura l  support and s t a b i l i t y  during I I prelaunch and launch operations tha t  safely accormnodate the  loads imposed. It w i l l  
REOMT 
SOURCE 
LOAD CC%f ON ORBITER, MATE, AM) VERIFY 4.2 I 
I I 
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ALLOCATION SHEET 
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LaAD 
CCM ON 
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VERIFY 
4.2 (cont'd) 
RH RAS 
TRADE STUDIES, 
ANALYSES 
REQMT 
SOURCE DESIGN REQUIREMENTS 
provide access for mobile launcher umbilicals and the CCM t o  provide for: 
o ~osd of APS propellant 
o Load of EPS reactants 
o Verification of launch-ready condition during countdown. 
The interface will also provide deployment and recovery capability for the CCM 
in orbit. 
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FUNCTION 
NAME & 
NUMBER 
TRANSFER 
CCM TO 
ORBITER 
4.2.1 
RH RAS 
DESIGN REQUIREMENTS 
A. Functional Description 
The CCM w i l l  be transported t o  the  space shut t le  maintenance area by a transport  
dolly. An ins ta l la t ion  s l ing  w i l l  be attached which w i l l  f a c i l i t a t e  orbi ter  
loading. The CCM w i l l  be lowered in to  the  orbi ter  cargo compartment. 
B. Design ~haracteristics/~onstraints 
1. The handling and ins ta l la t ion  s l ing  used w i l l  provide support and protection 
t o  the CCM during movement t o  and loading in to  the  orbiter.  
C. Effectiveness 
1. Reliabil i ty 
N/A 
2. Safety 
N/A 
D. Interfaces 
The CCl4 w i l l  interface with t he  transport dolly and ins ta l la t ion  sling. They 
w i l l  accommodate attachment t o  the  CCM. The CCM wi l l  have hard points ap- 
propriately located t o  accommodate them. 
Protective devices, as necessary, w i l l  be used t o  preclude damage t o  t he  CCM 
during the loading sequence. 
FUNCTIONAL DIAGRAM TITLE AND NUMBER REQUIREMENT ALLOCATION SHEET 
CONTRACTOR 
I 
FUNCTION 
NUMBER 
CONNECT 
rnIBILICAIS, 
LAUNCH 
SUPWRTS , 
& ORBIT 
DEPLOYHENT 
SYSTEM 
4.2.2 
I DESIGN AEOUIREMENTS 
--- 
A. Functional Description 
The orb i te r /cm interconnect umbilicals w i l l  be attached and ver i f ied ,  t h e  
s t r u c t u r a l  supports for  launch loads and s t a b i l i t y  w i l l  be at tached,  and 
t h e  deployment system t o  be used i n  o r b i t  w i l l  be at tached and ver i f ied .  
B. Design ~haracteristics/~onstraints 
1. The o r b i t e r / c ~ ~  interconnect umbilicals w i l l  be at tached t o  t h e  CCM 
a f t e r  it has been loaded i n t o  t h e  orb i te r .  They w i l l  supply t h e  
following functions between t h e  module and t h e  o r b i t e r  and/or 
mission control: 
a. Status da ta  on t h e  C13f 
b. Command s igna ls  frm t h e  o r b i t e r  a n d / ~ r  mission control. 
c. Vent and r e l i e f  a s  required during countdgm, ascent, and orb i t .  
2. The o r b i t a l  deployment system w i l l  be at tached and ver i f ied .  
It w i l l  be designed t o  supply t h e  following functions: 
a. Absorb loads from CC$lmovement a f t e r  o r b i t  is reached and t h e  
launch s t r u c t u r a l  a t tach  points  have been released.  
b. Move t h e  CCM out of t h e  cargo compartment i n t o  t h e  
deployed posi t ion.  
EQUImENP 
IDENPI FlCAIiOPB TRADE SYDIES 
GEl OR SECONDARY ANALYSES 
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RH RAS FUNCTIONAL DIAGRAM TITLE AND NUMBER REQUIREMENT ALLOCATION SHEET 
CONTRACTOR 
CONNECT UMBILICALS, LAUNCH SUPPORTS & ORBIT DEPLOYMENT SYSTEM 4.2.2 
REV & DATE 
CONNECT 
MBIZICAZS , 
LAUNCH 
SUPPORTS, 
& ORBIT 
DEPLOYMENT 
s y s m  
4.2.2 
( ~ o n t  'd) 
DESIGN REQUIREMENTS 
3. The s t ruc tura l  supports for the  CCM w i l l  be attached and verified.  
They w i l l  supply the  following functions: 
a. Absorb the  launch loads and s t a b i l i t y  requirements. 
b. Autamatically release for  orbital. deployment. 
c. Have manual back-up release capability. 
C. Effectiveness 
1. Reliabil i ty 
N/A 
2. Safety 
N/A 
D. Interfaces 
The cCM/orbiter w i l l  interface a t  the  s t ruc tura l  at tach points and 
umbilical interconnect. The orbiter must supply a hatch tha t  w i l l  
provide access t o  the  CCM by the ground umbilicals of the  mobile 
launcher. 
FUNCTIONAL DIAGRAM TITLE AND NUMBER 
CONNECT W B I L I W ,  IAUI'ICII SLiiPORTS 8e omm UEPEOPrnNT SYSTEM 4.2.2 
-- 
REQUIREMENT ALLOCATION SHEET 
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VERIFY 
INTERFACE 
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REV & DATE ORlG DATE APPROVAL DOC NO. PO. 1 of 1 
REV & DATE VERIFIED 
REQMT 
SOURCE DESIGN REQUIREMENTS 
A. Functional Description 
The interfaces established between the orbiter and the CCN w i l l  
be verified. 
B. Design ~haracteristics/constraints 
1. The  orbiter interfaces w i l l  be designed for  automatic checkout. 
2. The autcmatic checkout functions w i l l  supply data necessary t o  
verify the mate status of the cCM/orbiter assembly. 
C. Effectiveness 
1. Reliability- The probability that the checkout operation i s  successful 
shall be greater than 0.99. 
2. Safety 
TBD 
D. Interfaces 
The data system used t o  verify the  orbiter structural and 
electrical connection w i l l  interface with the autcmatic check- 
out system for the orbiter and i t s  pa~rload. 
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FUNCTION 
NBME & 
NUMBER 
ATTACH 
I 
L4UNCHEX 
~BILICALS 
TO MODULE 
AND VERIFY 
4.3.1 
RH RAS 
ANALYSES 
A,  Functional Description 
The mobile launcher umbilicals required by the payload modules w i l l  be attached 
and t he i r  connections verified. 
B. Design ~haraderisticsj~onstraints 
The umbilical attachments w i l l  be made through the  skin of the  orbi ter  by way of 
an access hatch. At the  time of umbilical attachment the  capabil i ty of the  mobile 
launcher umbilical t o  be remotely attached w i l l  be verified. Leak and e l ec t r i ca l  
continuity checks w i l l  be made. 
C. Effectiveness 
1. Reliabil i ty - The reattach capability of the  mobile launcher w i l l  have a 
probability of success i n  a given cycle. 
D. Interfaces 
The RNS module w i l l  interface with the  module umbilical k i t  and the  mobile 
launcher. 
FUNCTIONAL DIAGRAM TITLE AND NUMBER I REQUIREMENT ALLOCATION SHEET 
ATTACH MOBSW LAUNCHER UMBILICALS TO MODULE AND VERIFY 4.3.1 
CONTRACTOR 
I 
REV 81 DATE ORlG DATE APPROVAL DOC NO. PG. Of 
REV & DATE VERl FlED 
4.4.1 
COUNTDOWN BOOST & ORBIT 
FUNCTIONAL DIAGRAM T I T L E  AND NUMBER FUNCTIONAL FLOW BLOCK DIAGRAM 
CONTRACTOR 
PERFOR4 LAUNCH CTDUNTDOWN RNS-3 4.4 
E ORlG DATE DOC NO. PG 
E ORlG DATE - DOC NO. PG 
DOC NO. PG 
P -- 
FUNCTION 
N M I E &  I 
NUMBER 
P W O R M  
LAUNCH 
COUWTDOWN 
4.4 
A. Functional Description 
The launch countdown will be performed which includes the functions 
appropriate to the payload being carried by the Space Shuttle orbiter. 
B. Design Characteristics/Constraints 
The functions to be performed on the payload of the orbiter include 
load of cryogenics, reactants, high pressure gas, and verification 
of propulsion module safety systems. The umbilical connection to 
payload from mobile launcher must be capable of being disconnected 
from the payload and clear the orbiter at lift-off. In the event a 
scrub occurs after the ejection of the mobile launcher umbilical, the 
umbilical must have reconnect capability within seconds. 
The hatch through which the umbilical access is made will be capable 
of reopening to permit the re-connect of the Mobile Launcher umbilical. 
If the launch lift-off is successful, the orbiter access hatch will 
close and latch after ejection of the mobile launcher umbilical. 
C. Effectiveness 
1. Reliability 
The probability of success of the launch countdown shall 
be greater than 0.95. 
RH RAS I FUNCTIONAL DIAGRAM TITLE AND NUMBER 
I I I PERFORM LAUACH COUWTDOWti 4.4 
REQUIREMENT ALLOCATION SHEET 
CONTRACTOR 
PG. 

DESIGN REQUIREMENTS 
A.  Functional Description 
The propellant module w i l l  be loaded with l iqu id  hydrogen. 
B. Design ~haracteristics/~onstraints 
A d r y  helium purge w i l l  be maintained on t h e  insu la t ion  system of t h e  propel- 
land module a t  a l l  times. The cargo compartment w i l l  have a dry gas purge t o  
prevent condensation i n  t h e  compartment. Seals  w i l l  be provided as necessary 
on t h e  cargo compartment t o  minimize t h e  l o s s  of purge gas. Vent and r e l i e f  
w i l l  be provided through a propellant  module/orbiter interconnect umbil ical  
thence t o  an orbiter/mobile-launcher umbilical. 
C. Effectiveness 
1. R e l i a b i l i t y  
N/A' 
2. Safety 
Applicable s a f e t y  requirement f o r  t h e  handling of l i q u i d  hydrogen. 
D.  Interfaces 
The propellant module in te r faces  with t h e  mobile launcher umbil ical  and t h e  
orbiter/propellant  module interconnect umbilical. The in te r face  w i l l  s a t i s f y  
t h e  following requirements: 
1. Cargo compartment w i l l  be purged t o  remove t h e  moisture a s  required 
t o  prevent excessive condensation on t h e  propellant  module during 
and a f t e r  f i l l  with LH2 
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o Pneumatic con- 
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PRESSURIZE A. Functional Description 
PROPULSION The APS on the propulsion module will be pressurized to full capacity and verified. 
MODULE B. Design Characteristics/Constraints 
APS AND The high pressure gas bottles of the propulsion module will be pressurized with 
VERIFY gaseous hydrogen to TBD psi. The system will have the necessary sensors to 
4.4.2 provide verification of proper loading. 
C. Effectiveness 
1. Reliability- The probability of a successful checkout shall be 
greater than 0 . 9 9 ,  
2. Safety - Applicable safety requirements for high nressure 
gaseous hydrogen shall apply. 
D. Interfaces 
The propulsion module APS will interface with the ground fill umbilical and 
satisfy the following requirements: 
1. The umbilical will be capable of re-attachment in the event it is jettisoned 
before a launch scrub. 
2. Leakage from the APS/umbilical interface will be limited to a TBD rate with 
an attach/detach loss of TBD quantity per cycle. 
I I PRESSURIZE PROPULSION MODULE APS JWD VERIFY 4.4.2 
REQUIREMENT ALLOCATION SHEET 
CONTRACTOR 
FUNCTION 
NAME & 
NUMBER 
LOAD AFS 
VERIFY 
4.4.3 
RH RAS 
DESIGN REQUIREMENTS 
A. Functional Description 
The APS on the command and control module w i l l  be loaded with LOX/LH~. 
B. Design ~haracteristics/~onstraints 
The AFS of the command and control module w i l l  be loaded with LOX and LH2 
through the mobile launcher ah-Lical .  The system w i l l  verify i t s  s t a tu s  
a f t e r  it i s  loaded. 
C. Effectiveness 
1. Reliabil i ty 
N/A 
2 .  Safety 
Applicable safety requirement for  l iquid hydrogen and l iquid  oxygen 
sha l l  apply. 
D. Interfaces 
The command and control module APS w i l l  interface with t he  mobile launcher 
umbilical and sa t i s fy  t he  fdlowing requirements: 
1. The ML umbilical and the  CCM w i l l  be capable of reattachment a f t e r  
je t t i son i n  TBD seconds. 
2.  Leakage fram the   umbilical interface w i l l  be less  than TBD 
r a t e  during attach time, with an attach/detach loss  of TBD per 
cycle. 
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RH RAS 
DESIGN REQUIREMENTS 
A. Functional Description 
m e  electric power system o f t h e  command and control module w i l l  be cha~ged 
with reactants (for the primary fuel cells) and the secondary battery 
system w i l l  be checked as t o  readiness for activation. ( I t  is assumed that 
the secondary battery system w i l l  not be advated unt i l  the target orbit 
is reached). 
B. Design chasacteristics/constraints 
The EPS of the camand and control module w i l l  satisfy the following requirements: 
1. The fuel cells w i l l  be chargeable with reactants by the ground umbilical 
connections. 
2. The activation of the C(EI power system w i l l  take place in  orbit i n  the case 
of launch i n  the space shuttle. (1t w i l l  be adivated on the ground i n  
the case of its launch on the INT-21). In either event, the EPS w i l l  be 
capable of being activated upon camnand frnn the mission control center. 
C. Bffectiveness 
1. Reliability 
W/A 
2. Safety 
Applicable safety requirement for the handling of liquid hydrogen and 
liquid oxygen shall apply. 
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FUNCTION 
NAME & 
NUMBER 
PERFORM 
PRELOAD ING 
PREPS ON 
PROPELCANT 
MODULE 
4.7 
RH RAS 
DESIGN REQUIREMENTS 
A. Functional Description 
The propellant module w i l l  be received and inspected. The interface with 
t he  space shut t le  orbiter w i l l  be verified and t h e  module prepared f o r  
loading. 
B. Design ~haracteristics/~onstraints 
1. The propellant module w i l l  interface with the transporter t h a t  w i l l  take 
it t o  the VAB. It w i l l  iWerface with t he  inspection and handling 
equipnent, and the  interface verification equipnent. 
2. The propellant module w i l l  interface with purge equipment as necessary 
t o  maintain the HPI protective purge requirements. 
C. Effectiveness 
1. Rel iabi l i ty  - The probability t ha t  the inspection i s  successful s h a l l  
be greater than 0.99. 
2. safe ty  
N/A 
D. Interfaces 
1. Propellant module/transporter 
The propellant module and i t s  transporter w i l l  provide the  environmental 
control necessary t o  assure t he  propellant module ar r ives  i n  a mate- 
ready condition. 
FUNCTIONAL DIAGRAM TITLE AND NUMBER 
PERFORM PRELOADING PREPS ON PROPELWa MODULE 4.7 
REV & DATE ORlG DATE APPROVAL WC NO. p ~ .  1 of 2 
REV & DATE VERIFIED 
* 
REQMT 
SOURCE 
CONTRACTOR 
EQUIPMENT 
IDENTI FlCATlON 
CEI, FUNCTIONAL OR SECONDARY AREA 
REWIREMENT 
FACILITY, GSE 
REQUIREMENTS 
o Environmental 
protection cover 
(7% of 304) 
o Handling k i t ,  
propellant module 
( 7 9  of 302) 
o Cradles k i t ,  
propellant module 
(7% of 301) 
o Hoist k i t ,  f w d  & 
a f t  propellant 
module 
(7% of 303) 
o ~ o o l  k i t ,  spec i a l ,  
propellant module 
(100L6 of 305) 
o Pneumatic console, 
propellant module 
(100L6 Of 319) 
o Horizontal access 
k i t ,  fwd. 
(7% of 484) 
ALLOCATION SHEET 
TRADE STUDIES, 
ANALYSES 
DESIGN REBUIREMENTS 
2. Propellant ~ o d u l e / ~ a c i l i t i e s  - Equipment o Horizontal 
PRELOADING access k i t ,  a f t  The propellant  module w i l l  provide t h e  connections necessary t o  i n t e r f a c e  with 
launch f a c i l i t i e s  and equipnent during receiving inspection and ver i f ica t ion .  
It w i l l  provide umbilical interconnections f o r  load of propellant ,  vent, 
ground power/checkout . 
3. Propel.lant-~odule/orbiter 
The propellant-module/orbiter in te r face  w i l l :  
a. Provide s t r u c t u r a l  support and s t a b i l i t y  required during pre- 
launch, and boost functions. 
b. Provide umbilical connection t o  accommodate propellant  module vent 
during load, countdown, boost, and o r b i t  operations. 
c. ~ r & i d e  v e r i f i c a t i o n  of deployment system. 
d. Provide s igna l  re lay  capabil i ty t o  and f rm t h e  space s h u t t l e  
crew and mission control. 
e. Provide deployment capabil i ty f o r  t h e  CCM i n  o r b i t  and provide 
recovery capabil i ty.  
PERFORM PRELOADING PREPS ON PFiOPELIAT MODULE 4.7 
FUNCTION I N M I E &  I 
NUMBER 
DESIGN REQUIREMENTS 
". Functional Description The propellant module w i l l  be received i n  the  VAB Low Bay a i s l e ,  protective I MODULE & I covering removed, placed on t ransfer  dolly, and access platforms installed.  
PREPARE B. Design ~haracteristics/~onstraints I INSPECTION 1 The following functional requirements w i l l  be sa t i s f ied:  1 4'7'1 1 I. The protective shipnent cover w i l l  be designed and constructed t o  I I permit i t s  washdown upon receipt. I 1 2. Handling equipment w i l l  be provided t o  remove the protective covering. I I 3. The in tegr i ty  of t he  insulation purge system w i l l  be maintained during I I preparations fo r  inspection. I I 4. The propellant module w i l l  be designed fo r  support by a t ransfer  dolly. 
(Note: It might advantageously interface with the  o rb i t a l  docking struc- 
I I ture. I f  so, perhaps the  verification of the  module docking structure I I can be thus provided. 
C. Effectiveness 
I 1. Reliability 
1 2. Safety 
I REQUIREWIENT ALLOCATION SHEET 
R E C E N i r  PROPELLAPE 140DUI.E & PflEPAARE FOR 113SPECTION 4.7-1 
CONTRACTOR 

FUNCTION I NAME. I 
NUMBER 
DESIGN REQUIREMENTS 
PERFORM A .  Functional Description 
The propellant module w i l l  be inspected in  a VAB Low Bay ce l l .  A l l  portions 
I INSF'ECTIOP I of the  module w i l l  be verified fo r  completeness and integrity by visual 
I TO VERIFY inspection. The environmental record accumulated during transportation I IhTEGRIR I w i l l  be reviewed and used as a guide t o  the  inspection procedure. 
AND B. Design ~haracteristics/~onstraints 
C0Nr2LETENESS The following functional requirements w i l l  be sa t i s f ied:  
4.7.2 1. The platforms and fixtures w i l l  f a c i l i t a t e  access t o  the appropriate 
I I areas of the  propellant module. I 1 2. The environmental record accumulated w i l l  be sufficiently complete and I I accurate t o  enable the verification tha t  t he  launch-ready s ta tus  of I I the  module has not degraded during transportation. 
C.  Effectiveness 
1. Reliabil i ty - The probability t ha t  t he  visual inspection i s  successfi l  
sha l l  be greater than 0.999 
D. Interfaces 
The propellant module w i l l  interface with: 
1. Thehorizontal access k i t s .  - These k i t s  must be capable of being in- 
s ta l led  and removed i n  a manner t ha t  does not jeopardize the  propellant 
PERFORM VISUAL MSPECTION TO VERIFY INTEGRITY AND COMPLETENESS 4.7.2 
REQUIREMENT ALLOCATION SHEET 
6 R l G  BATE APPROVAL 
REV & DATE VERIFIED 
FUNCTION 
NAME Bt 
NUMBER 
DESIGN REQUIREMENTS 
tuurnnen I 
IDENTI FICAPIBN FACIklW, 0% TRADE mUDIEI, 
ANALYSES 
A. Functional Description 
MODULE/ The mating in te r faces  between t h e  module and t h e  orb i te r  w i l l  be verif ied.  
B. Design ~haracteristics/~onstraints 
The in te r faces  of t h e  module w i l l  be ver i f ied  by master f i x t u r e s  t o  I & PREPARE I guarantee they a r e  of t h e  proper configuration f o r  mate t o  t h e  orb i te r .  I 
FOR LOADING 
The in te r faces  w i l l  have t h e  following propert ies:  
1. They w i l l  be accessible t o  t h e  check f ix tures  such t h a t  t h e  module 
I I l ikel ihood of damage i s  minimized. I 
2. The a t tach  points  with t h e  orb i te r  w i l l  be ver i f ied ,  a s  well  a s  t h e  
mobile launcher umbilical a t tach  points. 
C.  Effectiveness 
1. R e l i a b i l i t y  - The probabi l i ty  t h a t  t h e  ver i f ica t ion  i s  successful  
I s h a l l  be grea te r  than 0.99. 2. Safety 
D. In te r faces  
The module w i l l  i n te r face  with t h e  ver i f ica t ion  f i x t u r e s  and checkout 
I I e q u i p e n t .  These equipnents w i l l  s a t i s f y  t h e  following func t iona l  r e q u i r e n t s :  I I I 1. The checkout function w i l l  be capable of being performed while t h e  module i s  I I I supported i n  i t s  inspection f ix tures .  I 
I I VERIFY MODULF: ORBITER INTERFACES & PREPARE FOR LOADING 4.7.3 
REQUIREMENT ALLOCATION SHEET 
CONTRACTOR 
PG. 1 of 1 
Ref 4.8 4.8.1 4.8.2 
ORBITER 
CONNECTIONS FOR MATE T O  
BOOSTER 
. DOC NO 
- PG - 
DOC NO PG 
DOC NO - PG 
The propellant module w i l l  be transferred t o  the space shut t le  
orbi ter  and loaded in to  the cargo compartment. 
1. The propellant module w i l l  be loaded onto the orbi ter  i n  
t he  horizontal position in  the space shut t le  maintenance area. 
2. The propellant module w i l l  have a l l  of the  interfaces with the  o Ins ta l la t ion  
sl ing,  propellant 
space shut t le  orbiter and the mobile launcher verified prior t o  module, orbiter 
being removed t o  the  mate area. 
3. The propellant module preparation w i l l  be completed i n  a manner 
t ha t  assures it w i l l  meet the orbi ter  payload mate schedule. 
C. Effectiveness 
1. ~ e l i a b i l i t y  - The probability t ha t  the loading and verification 
w i l l  be successml sha l l  be greater than 0.99. 
LOAD PROPELL4h'T MODULE ON ORBITER, MATE & VER 
LOAD 
P R O P E I L m T  
MODULE 
ON ORBITER: 
MATE& 
VERIFY 
4.8 (cont' 
RH RAS 
DESIGN REQUIREMENTS 
D. Interfaces 
1. The propellant module w i l l  interface with the  handling equipment t ha t  
transports it t o  the space shut t le  maintenance area. 
2. The propellant module w i l l  interface with the  orbi ter  so tha t  it 
accommodates the  attach structure and the loads imEarted t o  it 
Swing launch preparation, boost t o  orbi t ,  and orbi t  operations. 
3. The propellant module w i l l  interface with orbi ter  umbilicals t o  provide 
propellant vent capabil i ty during ground, boost, and orbi t  operations. 
Also, it w i l l  provide s ta tus  monitoring and checkout capability t o  
the crews of the  orbiter and mission control. 
4. The orbiter/propellant-module interface w i l l  include deplayment 
capability t o  extend the  propellant module out of the  cargo cornpart- 
ment while i n  orbit .  
5. The propellant module w i l l  interface with the  umbilical connections 
of t he  mobile launcher and sa t i s fy  the  requirements of countdown 
operations and boost. 
FUNCTIONAL DIAGRAM TITLE AND NUMBER 
LOAD PROPELIANP MODULE ON ORBITER, MATE & VERIFY 4.8 
REQUIREMENT ALLOCATION SHEET 
CONTRACTOR 
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-- 
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AQPROVW1. p 
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FUNCTION 
M M E  B 
NUMBER 
TRANSFE!', 
PRoPELWa 
MODULE TO 
ORBITER 
4.8.1 
RH RAS 
DESIGN REQUIREMENTS 
A. Functional Description 
The propellant  module w i l l  be t ransfer red  from t h e  receiving inspection 
c e l l  i n  t h e  Low Bay t o  t h e  o r b i t e r  mating posi t ion i n  t h e  space s h u t t l e  
maintenance area. 
B. Design dharacteristics/~onstraints 
Transfer t o  t h e  space s h u t t l e  maintenance a rea  w i l l  be by a t ransport  
f i x t u r e  and dolly. Handling f i x t u r e s  w i l l  be at tached which f a c i l i t a t e  
t h e  emplacement of t h e  payload on t h e  orb i te r .  
The f i x t u r e s  w i l l  provide support and protect ion f o r  t h e  propellant  
module during movement t o  and loading i n t o  t h e  orb i te r .  
C. Effectiveness 
1. Rel iab i l i ty  
N/A 
2. Safety 
N/A 
D. In te r faces  
The propellant  module w i l l  i n te r face  with t h e  transportat ion dol ly  and 
handling k i t .  Adequate a t tach  points  and safe ty  fea tures  w i l l  be employed. 
An insu la t ion  purge system w i l l  be maintained as necessssy during t h e  t ransfer  
function t o  insure t h e  continued protect ion of t h e  insulat ion.  
FUNCTIONAL DIAGRAM TITLE AND NUMBER 
I 
FACILITY, GSE TRADE WUDIES, 
REQUIREMENTS ANALYSES 
I 
REQUIREMENT ALLOCATION SHEET 
I I TRANSFER PROPELLANT MODULE TO ORBITER 4.8.1 I 
FUNCTION 
NAME & 
NUMBER 
CONNECT 
LAUNCH 
SUPPORTS, 
UMB'ILICAL, 
AND ORBIT 
DEPUlYMENT 
SYSTEM 
4.8.2 
AH RAS 
DESIGN REQUIREMENTS 
A. Functional Description 
The propellant-mcdule/orbiter interconnect umbilicals w i l l  be attached 
and verified,  the  s t ruc tura l  supports fo r  launch loads and s t ab i l i t y  
w i l l  be attached, and the  deployment system t o  be used in  orbi t  w i l l  
be attached and verified. 
B. Design ~haracteristics/~onstraints 
1. The interconnect umbilicals w i l l  provide the following functions t o  t he  
orbiter and/or mission control: 
a. Propellant module s ta tus  data. 
b. Orbiter and/or mission control command signals. 
c. Vent and r e l i e f  of propellant t o  space as required during 
ascent and i n  orbit .  
2. The s t ructura l  launch supports wi l l  be remotely detachable and w i l l  
carry the loads imposed during ascent and o rb i t a l  operations. They 
w i l l  have manually activated backup releases and accommodate d i f fer -  
en t i a l  movement caused by thermal effects.  
3. The o rb i t a l  deployment system w i l l  be attached and verified. 1t 
w i l l  be designed t o  s a t i s fy  the  following functional requirements: 
a. Absorb loads imposed by propellant module movement a f t e r  the  
s t ruc tura l  launch supports have been released i n  orbit .  
b. Move the  propellant module gut of the  cargo compartment in to  
FUNCTIONAL DIAGRAM TITLE AND NUMBER 
COIVNECY ZAWCII S ~ ~ ~ ~ S ,  Iff.IHILICAL, ARE ORBIT DEPLOBnEFI SYSTEI.1 4.8.2 
REQUIREMENT ALLOCATION SHEET 
CONTRACTOR 

FUNCTION 
NAME & 
NUMBER 
VERIFY 
INTERFACE 
CONNECTIONS 
4.8.3 
RH RAS 
DESIGN REQUIREMENTS 
A.  Functional Description 
The interfaces established between the propellant module and the  
orbiter w i l l  be verified. 
B. Design ~haracteristics/~onstraints 
1. The propellant-module/orbiter interfaces w i l l  be designed fo r  
automatic checkout. 
2. The automatic checkout m c t i o n s  w i l l  supply the data necessary 
t o  verify the  mate s ta tus  of the  propellant-module/orbiter assembly. 
C. Effectiveness 
1. Reliabil i ty - The probability of a successful verification 
sha l l  be greater than 0 . s .  
2. Safety 
N/A 
D. Interfaces 
The data systems of the  propellant module, and the  orbiter,  tha t  a re  
used t o  v e r i e  the  s t ruc tura l  and e lec t r ica l  connections w i l l  in ter -  
face with the  automatic checkout system. 
FUNCTIONAL DIAGRAM TITLE AND NUMBER REQUIREMENT ALLOCATION SHEET 
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REV& BATE 0810 DATE - APPROVAL - 
REV & DATE VERIFIED - 
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PROPULSION 
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I 
CONTRACTOR 
PERFORM PRELOADING PREPARATIONS ON PROPULSION M0DUI.E - 4.9 
I 
PRE-IIC REV & DATE - ORlG DATE APPROVAL DOC NO. PG 
IIC R E V S  DATE ORlG DATE - VERIFIED DOC NO. PG 
SLI REV & DATE - ORlG D A T E  VERIFIED DOC NO. PG 
F U N T I M U  
NAIVIE B 
NUMBER 
PERFORM 
PRELOADrnG 
F'REPARATION 
ON THE 
PROPULSION 
MODULE 
4.9 
RH RAS 
DESIGN REQUIREMENTS 
A .  Functional Description 
The lYWVA system and the  run tank sssembly (RTA) w i l l  be received a t  the  
VAB Low Bay, mated, and prepared for  load onto the  orbiter,  launch, and 
o rb i t a l  deployment and assembly. 
B. Design ~haracteristics/~onstra~ 
1. The run tank assembly and the  NERVA system w i l l  be assembled in to  
the  propulsion module i n  t he  Low Bay of t he  VAB. 
2. The NERVA system w i l l  be received without i t s  neutron source in  place. 
3. The propulsion module w i l l  have i t s  interfaces with the orbi ter  and mobile 
launcher verified prior t o  mate with the  orbiter.  
4. The propulsion module helium purge w i l l  be verified for  leak tightness 
and the poison wire removal system of the  IiERVA, and the  neutron source 
readiness w i l l  be rer i f ied .  
C. Effectiveness 
1. Rel iabi l i ty  
N/A 
2. Safety 
N/A 
REQMT 
SOURCE 
EQUIPMENT 
IDENTIFICATION FACILITY, GSE 
CEI OR SECONDARY REQUIREMENTS 
FUNCTIONAL AREA 
REQUlREMENT ALLOCATION SHEET 
TRADE STUDIES, 
ANALYSES 
I I PERFOH4 P R E I W D T G  PREPARATIONS ON 'ED3 ENGINE MODULE 4.9 CONTRACTOR 
-- I 
BRIG BATE --______- APPROVAL 08C NO. -- PG. 
REV&BATE -- VERIFIED 
TRADE STUDIES, 
ANALYSES 
FACILITY, GSE 
REQUIREMENTS 
ALLOCATION SHEET 
EQUIPMENT 
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CEI; OR SECONDARY 
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REQUIREMENT 
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4.9 (cont'd) 
RH RAS 
CONTRACTOR 
DESIGN REQUIREMENTS 
D. Interfaces 
1. The m V A  system, non-nuclear components, and the run tank assembly wil l  
interface w i t h  the transportation, handling, and access equipment that are 
used i n  VAB Lox Bay operations. 
2. The propulsion module w i l l  interface with checkout and inspection equipment so 
that i t s  engine settings (reactor) and safety systems may be verified. 
3. The propulsion module will  interface with check fixtures t o  ver i f j  i t s  readiness 
for mate with the orbiter. 
FUNCTIONAL DIAGRAM TITLE AND NUMBER 
REV 81 DATE ORlG DATE APPROVAL DOC NO. PO. 2 of 
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FUNCTION 
NAME & 
NUMBER 
RECEIVE 
PROPULSION 
MODULE, 
REMOVE 
SHIPMENT 
PACKING, b 
PREPARE FOR 
INSPECTION 
4.9.1 
DESIGN REQUIREMENTS 
A. Functional Description 
The propulsion module w i l l  be received, i t s  protect ive covers removed, in- 
s t a l l e d  i n  an inspection f i x t u r e ,  and access k i t s  and t e s t  s e t s  ins ta l led .  
B. Design ~haracteristics/~onstraints 
1. The propulsion module w i l l  be received a t  t h e  VAB Low Bay i n  two uni t s :  
a .  The NERVA Systems. 
b. The Propulsion Module Tankage 
They ? r i l l  be transported t o  KSC by a i r  and moved from t h e  landing s i t e  t o  
t h e  1JAB Low Bay by ground transporter .  The s h u t t l e  landing s i t e  i s  assumed 
t o  be t h e  place of del ivery f o r  t h e  propulsion module. 
2. Ground transporters  w i l l  move t h e  NERVA system and t h e  propulsion module 
tankage support f i x t u r e s  used during f l i g h t  t o  t h e  VAB area. 
3. The handling and inspection f i x t u r e s  i n  t h e  VAB Low Bay w i l l  accommodate 
t h e  mate of t h e  NERVA system and t h e  propellant  module tankage. They 
w i l l  support each i n  a manner t h a t  f a c i l i t a t e s  inspection functions,  and 
not subject  the  subassemblies t o  undue loads or  environmental s t ress .  
C. Effectiveness 
1. R e l i a b i l i t y  
NIA 
2. Safety 
NlA 
REQMT 
SOURCE 
FACILITY, GSE 
REQUIREMENTS 
o Protect ive cover 
k i t ,  environmenta 
propulsion module 
tank (25% of 304) 
o Protect ive cover 
k i t ,  envirowenta 
propulsion module 
engine 
(25% of 3099) 
o Handling k i t ,  
tankage 
(5016 of 302) 
o Handling k i t  
engine 
( 7 4  of 302) 
o Spec ia l  t o o l  k i t ,  
tankage 
(7016 of 305) 
o Spec ia l  t o o l  k i t ,  
engine 
(7% of 305) 
TRADE STUDIES, 
ANALYSES 
RH RAS FUNCTIONAL DIAGRAM TITLE AND NUMBER REQUIREMENT ALLOCATlON SHEET 
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4.9.1 
(cont'd) 
DESIGN REQUIREMENTS 
,- .- 
1 D. in te r faces  
I 
1 This function in te r faces  with the  transportat ion of t h e  propulsion midule t o  I KSC and t h e  performance of v i sua l  inspection and v e r i f i c a t i o n  of t h e  in tegr i ty  / and completeness of t h e  propulsion module. The in te r face  operations involve I t h e  following requirements : 
1. Handling equipment w i l l  be available a t  t h e  landing s i t e  used f o r  
del ivery of t h e  NERVA system and t h e  propellant  module tankage. It 
w i l l  be capable of unloading them without t h e  l ikel ihood of  damage 
from t h e  a i r c r a f t  (Super ~ u p p y )  and loading them onto t h e  ground 
transporter .  
2 .  Protect ive systems t h a t  have been used during t ranspor ta t ion  t o  t h e  
landing s i t e  w i l l  have t h e i r  functions continued uninterrupted. 
3. The t r&spor te r  used t o  move t h e  NERVA system and t h e  propellant  module 
tankage t o  t h e  inspection and mate f ix tures  w i l l  in te r face  with those 
f i x t u r e s  i n  a maniler t h a t  assures t h e  protect ion of i t s  cargo. It 
w i l l  a l s o  f a c i l i t a t e  t h e  t r a n s f e r  of t h e  cargo t o  t h e  receiving in- 
spection and mate f ix tures .  
4. The f i x t u r e s  w i l l  in te r face  with t h e  receiving inspection functions 
and equipment. This in te r face  w i l l  f a c i l i t a t e  crew access t o  t h e  
modules a s  well  a s  t h e  emplacement and removal of any inspection 
I equipment required. 
RH RAS FUNCTIONAL DIAGRAM TITLE AND NUMBER 
RECEIVE PXOPUISION MODULE, REMOVE SHIPMENT 
PACKING, & PREPARE FOR INSPECTION 4.9.1 
EQUIPMENT 
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o Access k i t ,  fwd, 
REQUIREMENT ALLOCATION SHEET 
CONTRACTOR 
PG. 2 o f 2  
PERFORM 
VISUAL 
INSPECTION 
& mm 
I r n G R r r Y  
AND 
4.9.2 
RH WAS 
DESIGN REOUIREMENTS 
A. Functional Description 
The propulsion module tankage and t h e  NERVA system w i l l  be inspected. The 
environmental records made a w i n g  t ranspor t  t o  KSC w i l l  be reviewed t o  verify 
t h e  module's launch ready condition. 
B. Design ~haracteristics/~onstraints 
1. The inspection f i x t u r e s  w i l l  support t h e  propulsion module tankage and 
t h e  NERVA system safe ly  without damage. They w i l l  be supported i n  
a manner t h a t  provides maximum convenience and f a c i l i t y  f o r  t h e  in- 
spection ac t iv i ty .  Access f o r  personnel w i l l  be provided a s  required. 
Checkout equipment w i l l  be accommodated as necessary t o  complete t h e  
inspection. 
2. The monitoring equipment used, its sensors, and recorders w i l l  have 
convenient check points  t o  f a c i l i t a t e  ver i f ica t ion  t h a t  it i s  function- 
ing properly and has recorded properly t h e  s t a t u s  of t h e  modules during 
transportat ion t o  KSC . 
3. The sensing devices attached t o  t h e  NEFiVA sys tao  or  t h e  propulsion 
module tankage w i l l  be removable without compromise of i t s  functional 
in tegr i ty .  
C. Effectiveness 
1. R e l i a b i l i t y  - The probabi l i ty  t h a t  t h e  inspection operation w i l l  be successful  
s h a l l  be grea te r  than 0.999. 
FUNCTIONAL DIAGRAM TITLE AND NUMBER 
o Access k i t ,  
engine 
(5& of @5) 
o Tankage, Instru-  
mentation k i t ,  
environmental. 
( lo& of 175) 
o Engine, Instru-- 
mentation k i t ,  
environmental. 
( 1 0 9  of 175) 
o Instrumentation 
t r a i l e r ,  tankage 
(GFE?) 
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(cont '6)  
EQUIPMENT 
DESIGN REQUIREMENTS DEN T I  FICAIIBN 
--- 
Safety 
/ The NERVA system V i l l  have poison wires i n  place and t h e  contra1 drms I 
w i l l  be loc.:.li! . !iccess t o  t h e  v i c i n i t y  of t h e  engine w i l l  be c m t r o l l e d ,  
and provisions w i l l  be made f o r  monitoring procedures t h a t  w i l l  de tec t  
t h e  presence of any s ign i f ican t  amount of contamination. The safe ty  
provisions w i l l  be ver i f ied  as t o  t h e i r  r e l i a b i l i t y  and readiness f o r  
removal i n  orb i t .  
D. In te r faces  
The inspection and monitoring equipnent w i l l  in te r face  with t h e  crew and 
t h e  two modules; both before and a f t e r  t h e i r  assembly. It w i l l  be removable 
while t h e  modules e r e  i n s t a l l e d  i n  t h e i r  inspection f ix tures .  
This function w i l l  i n te r face  with t h e  propulsion module mate ac t iv i ty .  
1. The checkout equipnent w i l l  be designed t o  provide i t s  functions 
both before and a f t e r  mate operations. 
2. Protect ive systems w i l l  remain i n  t h e  performance of t h e i r  functions 
during and a f t e r  t h e  mate process. 
FACILITY, GSE TRADE STUDIES, 
REQUIREMENTS ANALYSES 
I RH RAS I FUNCTIONAL DIAGRAM TITLE AND NUMBER 1 REQUIREMENT ALLOCATION SHEET 
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FUNCTION 
NAME & 
NUMBER 
MATE 
PmRVA 
SYSTEM & 
PROPUESION 
MODULE 
TANKAGE 
4.9.3 
DESIGN REQUIREMENTS 
A. Functional Description 
The propulsion r?odule tankage and the MERVA system w i l l  be mated. 
9. Design ~haracteristics/constraints 
The interface between the propulsion module tankage and the NERVA 
system w i l l  be designed t o  be mated i n  the  ver t ica l  position in  a 
c e l l  of the VAB Low Bay .  The inspection fixtures w i l l  accommodate 
the  mate ac t iv i t i e s  and provide access t o  the  attach points. 
C. Effectiveness 
1. Rel iabi l i ty  
N/A 
2. Safety 
N/A 
D. Interfaces 
The propulsion-module-tankage and the  NERVA system interface with each 
other and with: 
1. The checkout system. 
2. The support, handling and access fixtures.  
3. The crew. 
The checkout system w i l l  be designed t o  verify not only the  in tegr i ty  o f t h e  
NWVA-system/propulsion-mcdule-tankage interface,  but a lso  the reactor 
sett ings and safety systems. 
REQMT 
SOURCE 
FACILITY, GSE 
REQUIREMENTS 
3 Alignment k i t ,  
propulsion module (1w of 240) 
TRADE STUDIES, 
ANALYSES 
P 
REV 8r DATE 

I DESIGN REQUIREMENTS 
A. Functional Description 
The sett ings of the reactor, per manufacturer's specifications, w i l l  be 
verified. Each safety device incorporated in  t he  safety system w i l l  be 
verified. 
B. Design ~haracteristics/constraints 
The safety system of the propulsion module w i l l  be designed t o  enable the 
crew t o  verify i t s  safe status.  (A safeguards check l i s t  w i l l  be used as 
a guide.) The following checks w i l l  be made: 
1. Control drum vernier sett ings.  
2. Poison wire removal system. 
3. Engine propellant valves. 
The control drum vernier sett ings are t he  zero sett ings of the  control 
system for  the engine as established by the  manufacturer a t  the zero- 
power acceptance t e s t .  These sett ings w i l l  be verified a t  the  launch 
preparations s i t e  prior t o  load of t he  propulsion module on the space 
shutt le.  
The poison wires and the i r  removul system are ins ta l led  a t  the  acceptance 
t e s t  s i t e  a f t e r  the zero-power t e s t .  This removal system i s  designed for  
manual operation i n  orbit  by a member of the  orbi ter  crew. I t s  readiness 
fo r  o rb i t a l  removal and the  procedure guide w i l l  be verified. 
REV tk DATE a~re  DATE APPROVAL 
REV & DATE VERIFIED 
DESIGN REQUIREMENTS 
EBUIPMEMI 
IDENTIFICATION FACILITY, GSE TRADE STUDIES, 
GEl, OR SECONDARY REOUIREMENTD ANALYSES 
FUNCTIONAL AREA 
The englne propellant  shut-off valves, t h e m  control  and monltorlng system, 
w i l l  be ver i f ied .  
C. Effectiveness 
1. R e l i a b i l i t y  
The safe ty  systems and t h e i r  ver i f ica t ion  procedures w i l l  be s u f f i c i e n t l y  
e f fec t ive  t o  provide a r e l i a b i l i t y  of .9998 i n  t h e  propulsion module 
sa fe ty  systems. 
2. Safety 
The procedural and configurational controls  over propulsion module 
operation w i l l  be such as t o  preclude t h e  exposure of p ro jec t  
personnel o r  general population t o  hazards, i n  excess of l i m i t s  
established by t h e  AEc. 
D. In te r faces  
The in te r faces  of t h i s  function include: 
1. Crew/safety systems 
The safe ty  systems w i l l  be designed t o  f a c i l i t a t e  i t s  inspection & 
ver i f ica t ion  by t h e  crew. Easy access and operat ional  charac te r i s t ics  
w i l l  be incorporated i n t o  t h e  system configuration. 
2. Crew/Fieactor Se t t ings  
The requirement f o r  t h i s  function has not been f u l l y  established.  
The decision w i l l  depend la rge ly  on t h e  degree t o  which t h e  
FUNCTIONAL DIAGRAM TITLE AND NUMBER I REQUIREMENT ALLOCATION SHEET 
I I 
CONTRACTOR 
VERIFY REACTOR SETTINGS & S A m  SYSTENS 4.9.4 
t o  KSC. Unt i l  fu r ther  requirements a r e  established it is assumed t h a t  
t h e  control  drum zero se t t ings  w i l l  be established a t  the  acceptance 
t e s t  s i t e  and logged. Then these  same s e t t i n g s  w i l l  be ver i f ied  a t  
t h e  launch s i t e  p r i o r  t o  load of t h e  propulsion module onto t h e  space 
s h u t t l e  o rb i te r .  
3 .  ~ccess-~tands/propulsion-~odule 
The ground crew must have access t o  t h e  inspection points  necessary, 
and these  points  must be designed so  t h a t  they a r e  e a s i l y  accessible.  
DESIGN REQUIREMENTS FACILITY, GSE TRADE SUDIES, 
FOR LOADING The propulsion module w i l l  be prepared for transfer t o  the  space shut t le  
orbiter and placement on board. 
B. Design ~haracteristics/~onstraints 
The propulsion module and i t s  handling/access fixtures w i l l  be designed t o  
f a c i l i t a t e  the  removal of the  module t o  the  orbiter.  
Access fixtures w i l l  be designed so they may be removed from the  module 
without hazard t o  it. The module w i l l  be designed t o  accommodate the  
handling fixtures used t o  transfer it t o  the  orbiter.  
The handling fixtures w i l l  be designed t o  provide the necessary clearance 
and access for  ins ta l la t ion  of the module i n  the  orbiter cargo compartment. 
The umbilical interfaces and the docking interface for  the  propulsion 
module w i l l  be verified for  configuration accuracy. 
C. Effectiveness 
1. Reliabil i ty 
D. Interfaces 
FUNCTION 
NAME & 
NUMBER 
PREPARF, 
FOR LOADING 
m o  THE 
ORBITER 
4.9.5 
(cont 'd) 
RH RAS 
DESIGN REQUIREMENTS 
1. The space shut t le  maintenance area and the  cargo handling 
equipment provided. This interface w i l l  require the  ins ta l -  
la t ion  of area access controls over personnel. Only specially 
cleared people w i l l  be given access t o  the  propulsion module 
during operations involving it. 
2. The access, handling, and t ransfer  f ix tures  and equipment. 
These equipments w i l l  be removable i n  a manner which affords 
protection t o  the  propulsion module. 
FUNCTIONAL DIAGRAM TITLE AND NUMBER REQUIREMENT ALLOCATION SHEET 
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FUNCTION 
NAME & 
NUMBER 
LOAD 
PROPUIS I O N  
MODULE ON 
ORBITER, 
MATE, & 
VWIFY 
4.10 
DESIGN REQUIREMENTS 
A. Functional Description 
The propulsion module w i l l  be transferred t o  t he  space shut t le  orbiter and loaded 
in to  the  cargo cmpartment. 
B. Design ~haracteristics/~onstraints 
1. The propulsion module w i l l  be loaded onto the orbi ter  i n  the  horizontal 
position in  the  space shut t le  maintenance area. 
2. The propulsion module w i l l  have a l l  of i t s  interfaces with the  space shut t le  
orbi ter  and the  mobile launcher verified before it i s  moved t o  the  space 
shut t le  maintenance area. 
3. The propulsion module w i l l  have i t s  interfaces with o rb i t a l  modules 
verified and readied before movement t o  t he  mate area. 
4. The neutron source fo r  the  nuclear engine w i l l  be mounted in  the 
cargo compartment of the  orbi ter  so it w i l l  be accessible and can be 
ins ta l led  by an orbiter crew member a f t e r  orbi t  i s  reached. 
5. The propulsion module sft end w i l l  be accessible t o  an orbi ter  crew member 
while in orbi t  i n  order tha t  he may bleed the  helium frm the  engine, 
remove the  nozzle seal ,  and remove the  poison wires from the  engine core. 
Reference note: The engine neutron source w i l l  be ins ta l led  f i r s t .  Then 
the  nucleonic controls of the  engine w i l l  be verified before the  poison 
wires are  removed. Additionally, the instrumentation w i l l  be carefully 
monitored during the  removal of the  poison wires. 
REQMT 
SOURCE 
FACILITY, GSE 
REQUIREMENTS 
o Umbilical k i t ,  
propulsion 
module/mobile 
launcher 
( 5 6  of 315) 
o Propulsion module 
function simula- 
t o r  t e s t  s e t  
(I@ of 268) 
o Orbiter function 
simulator t e s t  
s e t  
(I@ of 268) 
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4.10 
(cont ' d) 
RH RAS 
DESIGN REQUIREMENTS REQUIREMENTS BNALVSES 
C.  Effediveness 
1. Rel iabi l i ty  - The probability of a successful verification s h a l l  
be greater than 0.99. 
2. Safety - Applicable safety requirements for  movement of nuclear 
devices w i l l  apply. 
D. Interfaces 
1. The propulsion module w i l l  interface with the handling equipment t h a t  
transports it t o  the  space shut t le  maintenance area. 
2. The propulsion module w i l l  interface with the  orbi ter  so t ha t  it 
accommodates the  attach structure and the  loads imparted t o  it 
during launch preparations, boost t o  orbi t ,  and orbi t  operations. 
3. The propulsion module w i l l  interface with the  mobile launcher and the  orbiter 
umbilicals t o  s a t i s fy  countdown, boost, and o rb i t a l  operations requirements. 
4. The propulsion module w i l l  interface with 1 )  the manual i n s t a l l a t i on  of 
t he  neutron source, 2) verification in orbit  of the  nucleonics of the  
engine, and 3) the  manual removal of the  poison wires. 
REV 81 DATE ORlG DATE APPROVAL DOC NO. PG. Of 2 
REV & DATE VERIFIED 
FUNCTION 
NAME & 
NUMBER 
TRANSFER 
PROPULSION 
MODULE 
TO 
ORBITER 
4.10.1 
RH RAS 
DESIGN REQUIREMENTS 
A .  Functional Description 
The propulsion module w i l l  be transferred t o  the  space shut t le  
maintenance area. 
B. Design ~harader i s t i c s /~ons t ra in t s  
1. The propulsionmodule will be moved t o  the  space shut t le  maintenance area 
on a transfer dolly. This dolly w i l l  provide adequate protection, during 
transfer,  t o  the module. 
2. The module wi l l  have handling equipment attached t o  it and be l i f t ed  
clear of the t ransfer  dolly. 
3. The module w i l l  be hoisted and moved from the  t ransfer  dolly t o  the  
space shut t le  orbi ter  and aligned with t he  ins ta l la t ion  fixtures.  
C. Effectiveness 
1. Reliabil i ty 
2. Safety 
TBD - Applicable safety requirements for  movement of nuclear 
devices w i l l  apply. 
D . Interfaces 
The propulsion module will interface, during t ransfer ,  with: 
1. The handling equipment 
Hoist beams and tag l ines  w i l l  be used t o  l i f t  the module clear of 
I 
i t s  inspection f ix tures  and lower it onto the t ransfer  dolly. 
FUNCTIONAL DIAGRAM TITLE AND NUMBER REQUIREMENT ALLOCATION SHEET 
GOtJTRACTOR 
- OR16 DATE 

FUNCTION 
NAME & 
NUMBER 
PLACE 
PROPUlSION 
14ODULE 
INTO 
ORBITER 
4.10.2 
RH RAS 
DESIGN REQUIREMENTS 
A. Functional Description 
The propulsion module w i l l  be lowered in to  the ins ta l la t ion  f ix ture  and 
then lowered in to  the  orbiter.  
B. Design ~haracteristics/~onstraints 
The propulsion module w i l l  be guided in to  the  orbiter and aligned with i t s  
at tach points by an ins ta l la t ion  fixture.  This f ix ture  w i l l  be designed t o  
maximize protection of the  module during the  ins ta l la t ion  procedure. 
C. Effectiveness 
1. Reliabil i ty 
N/A 
2. Safety - Applicable safety requirements fo r  the  movement of 
nuclear devices w i l l  apply. 
D. Interfaces 
The propulsion module w i l l  interface with ins ta l la t ion  f ix ture  and the  
orbi ter  support structure. The ins ta l la t ion  f ix ture  w i l l  provide guidance 
t o  the  module i n  the last few 'nches of t r ave l  t o  f a c i l i t a t e  alignment with 
the  orbiter cargo compartment support structure. It w i l l  minimize the  like- 
lihood of damage or misalignment. 
The orbiter support structure w i l l  provide support t o  t he  module during 
ground handling, boost, and o rb i t a l  operations. 
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FU~CTIQNAL AREA 
A. W c t i o n a l  Description 
The propulsion module w i l l  have the  interconnect umbilicals and t h e  o rb i t a l  
deployment mechanism attached t o  it. 
B. Design ~haracteristics/~onstraints 
The interconnect umbilical w i l l  a t tach t o  the  propulsion module and be 
configured, i n  a manner t ha t  w i l l  not interfere with the  deployment of 
the  module. It w i l l  provide the  interconnect, as required, of functions 
between the  orbiter and the module t o  f a c i l i t a t e  t he  monitoring and 
command functions. 
The o rb i t a l  deployment mechanism w i l l  be capable of moving the  module out 
of the  orbiter while i n  orbit .  This mechanism w i l l  provide information 
t o  the  orbiter crew as t o  i t s  status:  
1. Locked or open. 
2. Angular position. 
3. Cargo attached or not. 
C. Effectiveness 
1. Reliabil i ty 
N/A 
2. Safety 
N/A 

DESIGN REQUIREMENTS 
mct ione l .  Descript.ion 
ImTmACE The interfaces established between the propulsion module and the  orbi ter  
I CONNEmIONS I w i l l  be verified. I 
4.10.4 B. Design ~haracteristics/~onstraints 
The interface established between the  module and the  deployment mechanism 
I I w i l l  supply t o  the  checkout system the data necessary t o  verify t h a t  the  I I I interface i s  complete and tha t  the deployment system w i l l  function properly I 
in orbit. 
The interface between the  module and the  propulsion-module/orhiter inter-  
I I connect umbilicals w i l l  be verified. These umbilicals w i l l  provide the  I 
monitor, purge, vent, and propellant f i l l  functions as required by the 
propulsion module. The module w i l l  be supplied propellant aFter it reaches 
I I orbit. This might be done e i ther  by transfer of propellant f'rcnn t he  orbi ter ,  I I I or from some o rb i t a l  source such as a tanker or tank farm. I 
C. Effectiveness 
1. Rel iabi l i ty  - The probability of a successful verification s h a l l  
be greater than 0.99. 
I I VERIFY INTEXFACE CONNECTIONS 4.10.4 
ECIUIPMEMI 
IDEWTlFlCATlOM FACILITY, GSE TRADE STUDIES, 
CEl, OR SECONDARY ANALYSES 
FUNCTIONAL AREA 
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FUNCTION 
N M E  Ba 
NUMBER 
DESIGN REQUIREMENTS 
VERITY A. mnctional Description 
POISON WIRE Access t o  t he  poison wire removal system and the  tools ,  equipment, and 
REMOVAL procedures fo r  t h e i r  removal w i l l  be verified by a crew member. 
B. Design Characteristics/~onstraints 
The functions t o  be performed include: 
I I 1. Entry of a crew member in to  the  cargo compartment of t he  orbiter.  I 4.10.5 1 2. The verification by the  crew member of: I I a. Access route. I I b. Cmpleteness of tools and equipment required. I I c. The readiness of the  poison wire removal apparatus. I I The system w i l l  be designed t o  acc-odate the  manual removal of t he  I I poison wires by an orbiter crew member a f t e r  the  target  orbi t  has been reached. I I Provisions w i l l  be made t o  continually apprise the  crew member who removes I I the wires of the  status of the nucleonics of the engine. This requirement I I presumes the  presence of the neutron source i n  t he  engine so t h a t  t he  I I nucleonic instrumentation i s  "on scale" during t h i s  operation. (These re- I / quirements are  l i s t ed  predicated on the assumption, as a baseline, of t he  I I need for  a neutron source. This requirement has not,  as ye t ,  been established). 
C. Effectiveness 
1. Reliabil i ty - The probability of a successful verification s h a l l  
I I VERIFY POISON VIIRE REMOVAL SYSTEN I N  PAOPUISION MODULE 4 .tar 
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FACILITY, GSE TRADE STUDIES, 
REQUIREMENTS ANALYSES 
I P U C E  1 A .  Funciionsl Dearription I NEERON / The neutron source w i l l  be placed i n t o  a receptacle i n  t h e  cargo compartment. 
SOURCE IN I ORBITER FOR The following design requirements w i l l  be s a t i s f i e d :  I INSERTION I 1. The neutron source w i l l  be sa fe ly  held i n  a place t h a t  i s  e a s i l y  I I IN MmULE I accessible t o  a crew membe~ i n  orb i t .  I 
I N  ORBIT 2. It w i l l  be su i tab ly  d i s t a n t  o r  shielded, such t h a t  i t s  a f f e c t  on 1 k.10.6 1 t h e  engine w i l l  be negligible.  
I 1 3. Handling Provisions w i l l  be made and protect ion provided a s  I I I necessary t o  maintain crew man exposure t o  within permissible I 
l imi t s .  
C. Effectiveness 
1. Rel iab i l i ty  
X/A 
2. Safety-  Applicable sa fe ty  requirements f o r  t h e  movement of 
I I nuclear devices s h a l l  apply. I 
D. Interfaces 
The neutron source w i l l  in te r face  with t h e  following: 
I 1. A support receptacle i n  t h e  space s h u t t l e  o r b i t e r  w i l l  be I I provided tha t :  
I PUCE NEl3l'RON SOURCE I N  ORBITER FOR INSERTION IN MODULE ORBIT &.10.6 
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PZLLANT 
MODULE & ON PROPE 
PREPARE FOR INTEGRITY & 
ASSEMBLY INSPECTION 
MODULE TO KSC 
I I PERFORM PRELOADING PREPARATIONS ON PROPELLAIR MODULE ASSEMBLY - 4.11 I 
I 
PRE-IIC REV & DATE ORlG DATE APPROVAL DOC NO. PG I C R E V S  DATE ORlG DATE - VERIFIED DOC NO. PG 
SI I REV R DATE ORlG DATE VERIFIED DOC NO. PG 
FUNCTION 
NAME & 
NUMBER 
PERFORM 
PRELOADING 
PREPARATIONS 
ON CLASS l.H 
PROPELLANT 
MODULE 
4.u 
DESIGN REQUIREMENTS 
A. Functional Description 
The Class 1-H propellant module will be received assembled with the CCM. It 
will be prepared for inspection, inspected, and its interfaces with the 
INT-21launch vehicle verified and prepared for mate. 
B. Design ~haracteristics/Constraints 
The propellant rnodule/CCN assembly will be received in a launch ready condition 
as nearly as practicable. Its readiness will be verified during receiving 
inspection. 
The propulsion module interface will be verified as to its readiness for 
orbital assembly. 
Monitoring equipment will be used to record the environment and status 
of the assembly during transportation. This record will be used as 
a guide for receiving inspection. 
C. Sffectiveness 
1. Reliability 
N/A 
2. Safety 
N/A 
D. Interfaces 
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4.ll (~ont'd 
RH RAS 
DESIGN REQUIREMENTS 
1. Propellant ~odule/~acility 
The propellant module/facility interface will satisfy the following 
requirements: 
o Provide an environmentally con+.-o;.Xed area that will accommodate 
the receiving and unloading of the pro--e:.lant module/~U4 assembly. 
o Provide capabilities necessary to accomplish the receiving 
inspection, verification as to integrity, and the completeness 
of the received shipment with respect to launch requirements. 
a Provide capability to verify the conformity of the propellant 
module interface structure with the interface structure of the 
IXT-21 and the propulsion module. 
o Provide purge capacity as necessary to supply the HPI purge. 
o Provide capability to verify the conformity of the CCM interface 
structure of the nose cone. 
-  - ---- -- 
FUNCTIONAL DIAGRAM TITLE AND NUMBER 
PERFOKM PRELOADIETO PREPARATIONS ON CLASS 1-H PROPELLANT MODULe 4.U. 
EQUIPMENT 
REQMP IDENTI FIGATION FACILITY, GSE TRADE SUBIES,  
SOURCE CEI, OR SECONDARY WEBUIREMEMPS 
FUNCTIONAL AREA ANALYSES 
REQUIREMENT ALLOCATION SHEET 
CONTRACTOR 
I FUNCTION NAhIEa  I NUMBER DESIGN REQUIREMENTS 
1 ;;rm 1 A. Functional Description The cCM/propellant module fo r  the Class l-H RNS w i l l  be unloaded f r m  the 
I MODULE AND I Pt. BaProw, or equivalent, a t  the turning basin. It w i l l  be transported t o  
I PPJPARE FOR I the YAB Iow Bay Aisle, washed down, protective covers removed, and prepared I INSPECTION I fo r  inspection. 
I li.=.l i B. Design Characteristics/~onstraints I I The receiving inspection f a c i l i t y  w i l l  provide protective cover wash-down 
capability, handling harnesses and f ix tures  necessary f o r  removal of the 
protective covers and the propellant module from the transporter.  
I I The module w i l l  be erected and mounted upon a handling dolly moved in  the I I low bay a i s l e  or i n  the high bay, and preparations f o r  inspection made. 
C. Effectiveness 
I I 1. Reliabil i ty 
RIA 
2. Safety 
N/A 
D. Interfaces 
The CCM propellant module w i l l  interface with the  handling equipment and 
support dolly. It w i l l  interface with the access p la t form and fixtures. 
FACILITY GSE TRADE STUDIES, 

A. Functional Description 
The status of the cCM/propellant module will be verified against the status as 
defined by monitors at the acceptance test site and the record of environmental 
influences made during transportation. The completeness of any loose 
INTEGRITY & items and their readiness for installation will be verified. 
cw-S 
B. Design ~haracteristics/~onstraints 
The record of environmental influences made during transportation will be 
available to the receiving inspection function of the propellant module. 
This record will be used as a guide for the receiving inspection activity. 
A complete check list of the loose items, if any, will be provided. 
C. JXfectivenea 
1. Reliability 
The probability that a successful visual inspection is accomplished 
shall be greater than 0.999. 
D. Interfaces 
The ~CM/propellant module will interface with the inspection crew and 
equipment. This interface will be designed to provide dl the data 
necessary and facilitate the inspecJion process. 
PERFOR4 VISUAL m E C T I O I V  TO VERIFY m G R I T Y  A I D  COPLP 
PROPELL4NT- The propellant-mcdule/INT-21 interface w i l l  be inspected and ver i f ied  f o r  
mate readiness. The separation devices w i l l  be verified fo r  readiness fo r  
ins ta l la t ion  and/or arming. ( ~ h e s e  functions w i l l  be performed a t  the  
The propellant module/MT-21 interface w i l l  be designed t o  f a c i l i t a t e  t he  
mate function. Additionally, it w i l l  include the  functions required f o r  
reliable separation fran the  MT-21 a f t e r  o rb i t a l  injection. 
1. Reliabil i ty - The probability tha t  the  verification i s  successful 
shal l  be greater than 0.9. 
The cCM/propellant module assembly w i l l  interface with t he  inspection crew and 
equipment. 'Phis interface w i l l  be designed t o  provide all the  data  necessary 
and t o  f a c i l i t a t e  the inspection process. 
R e f  4.w 4.12.1 4.12.2 R e f  
P 
PRF IIC PG 
IIC PG -
PG 
FUNCTION 
NAME & 
NUMBER 
LaAn 
PROF'ELTmT 
MODULE on 
INT-21 m 
VWm 
4.12 
RH RAS 
DESIGN REQUIREMENTS 
A. Frulctional Description 
The propellant module w i l l  be moved to  the INT-21 high bay cel l ,  hoisted 
to  the top of the DVl!-U, mated, and verified. The handling ring will be 
remwed and the top of the module prepared for w t e  with the nose cone. 
B. Design ~heacteristics/~onstraints 
m e  handling ring, fixtures, and harnesses w i l l  support the propellant 
module safely and without damage. The equipment will provide maximum convenience 
and safety t o  the crew and the module. 
C. Effectiveness 
1. Reliability - The probability that the verification i s  successful 
shall be greater than 0.99. 
2. Safety 
%/A 
D. Interfaces 
!The propellant module will interface with the hoist ring and harnesses. 
These equipment items wil l  be easily attached and removed and the module 
will provide hard points t o  faci l i ta te  their attachment and renoval. 
The module wLU also interface with the INT-21. This interface will 
satisfy design requirements that faci l i ta te  its attachment and verification. 
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TRADE STUDIES, 
ANALYSES 
REQhlT 
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REV & DATE ORlG DATE APPROVAL WC NO. PO. 1 of 1 
REV & DATE VERIFIED 
CONTRACTOR 
EQUIPMENT 
IDENTIFICATION 
CEI OR SECONDARY 
FU~CTIONAL AREA 
REQUIREMENT 
FACILITY, aSE 
REQUIREMENTS 
ALLOCATION SHEET 

FACILITY, GSE 
REQUIREMENTS 
ALLOCATION SHEET 
EQUl WENT 
IDENTIFICATION 
CEI OR SECONDARY 
FU~CTIONAL AREA 
REQUIREMENT 
TRADE STUDIES, 
ANALYSES 
REOMT 
SOURCE 
FUNCTION 
NAME & 
NUMBER 
MOVE 
PROPELLANT 
MODULE TO 
INT-21 
HIGH BAY 
CELL 
4.12.1 
(Cont ' d) 
RH RAS 
MOVE MQIUTiE TO IlW-21 HI(W BAY CELL 4.12.1 
DESIGN REQUIREMENTS 
D. Interfaces ( ~ o n t  'd ) 
A high ranger will be used t o  assist in the installation of the handling 
ring. hotective devices w i l l  be supplied as required t o  prmmt damage 
t o  the propellant module assembly. 
FUNCTIONAL DIAGRAM TITLE AND NUMBER 
CONTRACTOR 
REV & DATE ORlG DATE APPROVAL DOC NO. PO. 2 of 7 
REV & DATE VERIFIED 
FUNCTION 
NAME & 
NUMBER 
HOIST 
PROPELLANT 
MODULE TO 
TOP OF 
INT-21, 
MATE AND 
VERIFY 
4.12.2 
DESIGN REQUIREMENTS 
A. Functional Description 
The propellant module will be hoisted to the top of the INT-21 launch 
vehicle and mated. 
B. Design ~haracteristics/~onstraints 
The hoist beam will be designed to accmodate its transfer from the Lox 
Bay crane to the High Bay crane. The crane will support the assembly while 
the access platforms are emplaced. 
C. Effectiveness 
1. Reliability 
N/A 
2. Safety 
N/A 
D. Interfaces 
The propellant module will interface with the hoist ring and the 
handling harnesses. 
FUNCTIONAL DIAGRAM TITLE AND NUMBER 
HOIST MClDULE TO TOP OF INT-21, KATE A ? ?  VERIFY 4,22.2 
REQUIREMENT ALLOCATION WEET 
-
P 
REV & DATE ORIG DATE - APPROVAL rn NO. PO. -~LELL- 
REV & DATE - p-- VERIFIED 

A. Functional Description 
The launch countdown fo r  t he  ~CM/propellant module w i l l  be performed. It w i l l  
include the  load of the  APS and e l ec t r i c  power systen of the CCM, and the load 
of propellant ( L H ~ )  in to  the  propellant module. 
B. Design ~haracteristics/~onstraints 
Load of the  CCM and load of the  propellant module w i l l  be accomplished in  
para l le l  and with the  countdown sequence of the space shutt le.  Methods and 
c r i t e r i a  tha t  obtain on the  Saturn V w i l l  be used. 
C. Effectiveness 
1. Reliabil i ty - The probability tha t  the  launch countdown i s  successful 
sha l l  be greater than 0.95. 
2. Safety - Applicable safety requirements for  the  handling of l iquid  
hydrogen and l iquid  oqgen sha l l  apply. 
D. Interfaces 
The ~CM/module assembly w i l l  interface with the mobile launcher umbilicals. They 
w i l l  perform t h e i r  functions according t o  Saturn V c r i t e r i a .  
PERFORM umcw c o r n o m  4.13 
A. Functional Description 
The APS and the EPS of the CCM will be loaded during countdown with 
propellant and reactant. 
B. Design ~haracteristics/~onstraints 
functions will be provided to conform to Saturn V criteria. 
C. Effectiveness 
1. Reliability 
See It* 4U. 
D. Interfaces 
The CCM will interface with the mobile launcher umbilical. It will perform 
its function according to Saturn V criteria. 
FUNCTION 
NAME & 
NUMBER 
LOAD 
PROPELLANT 
I N  PROPEL- 
LANT ? O D m  
4.13.2 
DESIGN REQUIREMENTS 
A. Functional Description 
Liquid hydrogen w i l l  be loaded in to  the  propellant module. 
B. Design characteristics/constraints 
The purge, chilldown, and f i l l  functions fo r  the  propellant module w i l l  be 
performed in  accordance with Saturn V cr i te r ia .  
C. Effectiveness 
1. Reliabil i ty 
RIA 
2. Safety 
Bee Item 413 
D. Interfaces 
The propellant module w i l l  interface with the  mobile launcher wnbilicals. It 
w i l l  perform i t s  function according t o  Saturn V Criteria.  
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FACILITY. GSE 
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TRADE STUDIES, 
ANALYSES 
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TRANSPORT 
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91 1 RFV R OATF ORIG DATE VERIFIED DOC NO. PG 
REQUIREMENTS 
This function covers the  operations performed on t h e  RNS from the  i n i t i a t i o n  
of shipment fran the manufacturing s i t e ( s )  t o  del ivery a t  KSC. 
B. Design Characteristics/Constra8-nts Evaluate a l t e r n a t e  
1. Mating of propulsion nodule elements performed a t  KSC. 
2. Provide transportat ion for  individual  RNS elements a s  follows: 
a. NERVA nuclear subsystem - Pit tsburgh t o  NRDS. Evaluate a l t e r n a t e  
b. NERVA non nuclear subsystem - Sacramento t o  NRDS. 
modes of t rans-  
c. NERVA engine system - NRDS t o  KSC. 
d. Propulsion module run tank - Huntington Beach t o  MTF t o  KSC. 
e .  Command and control  module - Huntington Beach t o  KSC. 
fl. RNS-3 propellant  modules - Huntington Beach t o  MTF t o  KSC. 
fa .  RNS-1H propellant  module - Michoud t o  MTF t o  KSC. 
g .  Propulsion module - mating a rea  t o  VAB a t  KSC. 
3 .  Acceptance t e s t i n g  s h a l l  be performed on a l l  CEI's and deliverable 
equipment. To t h e  extent  possible,  it s h a l l  be performed so  a s  t o  provide 
a measure of overa l l  qua l i ty ,  detect  unsat isfactory items and be performed 
so  t h a t  it simulates product end use and function. 
a .  NERVA nuclear subsystem - TBD. 
b. NERVA non nuclear subsystem - TBD. 
. 
c .  NERVA engine system - TBD. 
PERFOXM R N ~  PRE-LAUNCH OPERATIONS 5.0 
DESIGN REQUIREMENTS 
PERFORM RNS Establish require-  
check and in te r face  functional  checks a t  MTF. ments for  accept- 
e .  Command and control  module - functional  checks of subsystems including 
simulated APS f i r i n g  a t  S I L  in  Huntington Beach. 
Evaluate a l t e r n a t e  
f .  Propellant module(s) - cryogenic proof t e s t ,  e l e c t r i c a l  continuity 
means of product 
checks and in te r face  functional  checks a t  MTF. 
v e r i f i c a t i o n  
g. Propulsion module - pose mating simulated functional  checks perform 
a t  KSC. 
D. Effectiveness Requirement. 
1. R e l i a b i l i t y  
a. Provisions s h a l l  be incorporated for  posi t ion safing of the  NERVA 
engine system element. 
b. Surface transportaion w i l l  be i n  accord with I C C  regulat ion TBD 
when highways a r e  used and TBD when r a i l  o r  a i r  t ransportat ion i s  
c. The transportat ion of nuclear elements over water bodies s h a l l  be 
minimized t o  t h e  extent possible and prac t ica l .  
d. A l l  inherent  harards associated with the  deisgn, e .g. ,  high gas 
pressure,  high voltage, rad ia t ion ,  e t c . ,  s h a l l  be iden t i f ied .  
PERFORM RN7 PRE-LAUNCH OPERATIONS 5.0 
REV & DATE 
TRADE STUDIES, 
PERFORM RNS e. The use of incom?atible materials, dissimilar metals, materials in 
PRE-LAUNCH the vicinity of notential spills of corrosive liquids shall not be 
OPERATIONS permitted. 
f. Safety consideration for peronnel shall take precedence over those 
for equipment. 
g. Safety design requirements shall minimize degradation of normal 
operations wherever possible. 
h. Recornendations of contingency planning committee shall be incorporated 
where feasible. 
3. Maintainability 
Equipment design shall adhere to the following accepted maintainability 
features . 
a. Minimum number and complexity of maintenance tasks. 
b. Rapid recognition of malfunctions. 
c. Rapid isolation of ma1f;nctions. 
d. Optimum equipment/component accessibility. 
e. Minimum training requirements for maintenance personnel. 
f. Minimum requirements for tools and test equipment. 
g. Maximum safety for personnel and equipment. 
E. Interface Requirements 
PERFORM RNS PRE-LAUNCH OPERATIOFIS  5.0 
REV 8 DATE 

& CONTROL 
M I S S I O E  
FUNCTIONAL DIAGRAM T ITLE  AND NUMBER FUNCTIONAL FLOW BLOCK DIAGRAM I 
CONTRACTOR 
MONITOR AND CONTROL RNS MISSION 8.0 
DESIGN REQUIREMENTS 
-- 
A.  Functional Description 
The objective of this function is to provide the means for exercising control 
over the performance of the missions from the initiation of liftoff at KSC 
ultimate end of life disposal of the RNS. 
B. Design Characteristics/Constraint6 
1. The control function is divided into three areas: earth launch operations, 
missions operations and end-of-life disposal operations control. 
2. The control function shall be ground based. LCC shall control earth launch 
operations, MCC shall control mission and disposal operations. 
3.  Provisions will be made at these centers for detailed support in prediction 
analyses, fault isolation, and remedial planning. 
4. Provisions shall be made for receipt of telemetry and transmission of command 
data between the RNS and control centers. 
5. Provide for voice and video communications between control centers and manned 
RNS . 
6 .  Mission Control Center (MCC) shall perform as backup to the RNS for guidance 
and navigation during mission operations. 
7. MCC shall control the assembly operations and refuelling/resupply of the RNS 
while in earth orbit. 
8. MCC shall have the capability of simultaneously controlling and/or monitoring 
several program elements (e.g. tug, shuttle, RNS, etc. ). 
FUNCTIONAL DIAGRAM TITLE AND NUMBER 
MONITOR AND CONTROL RNS MISSION 8.0 
REQUIREMENT ALLOCATION SHEET 
CONTRACTOR 
FUNCTION 
NAME & 
NUMBER 
MONITOR AND 
CONTROL 
RNS 
MISSION 
8.0 
RH RAS 
DESIGN REQUIREMENTS 
9.  MCC's control  s h a l l  not be dependent on RNS configuration. 
10.  HCC s h a l l  accommodate r e a l  time operations. 
11. The MSFN s h a l l  be employed for  providing instrumentation coverage and f l i g h t  
support fo r  the  RNS missions i n  ear th  lunar space. 
D. Effectiveness Requirements 
Rel iab i l i ty  
The probabi l i ty  of successful completion of t h i s  operation s h a l l  be grea te r  
than 0.75. 
E. Interface Requirements 
The exercise of mission control  s h a l l  require coordination with t h e  l o g i s t i c s  
support function f o r  scheduling of spares and resupply. 
REQMT 
SOURCE 
FACILITY, GSE 
REQUIREMENTS 
FUNCTIONAL DIAGRAM TITLE AND NUMBER I REQUIREMENT ALLOCATION WEET 
TRADE STUDIES, 
ANALYSES 
Evaluate usage of 
s a t e l l i t e s  t o  
f a c i l i t a t e  opera- 
t i o n s  
Es tab l i sh  whether 
continuous c o v e r 4  
is required 
MONITOR AM) COWTROL RNS M I S S I O N  8.0 
-- I-;
R E V &  DATE OWIG BATE APPROVAL DOC NO. pa. 
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9.2 9.3 
PERSONNEL 
MISSION 
CONTROL 
PERsOrnL 
FUNCTIONAL DIAGRAM T I T L E  AND NUMBER FUNCTIONAL FLOW BLOCK DIAGRAM 
CONTRACTOR 
TRAIW AND PROVIDE SUPPORT PERSONNEL 9. 0 
A. Functional Description 
Provisions will be made to supply qualified personnel to support launching, 
operating and maintainins the RNS system during its life cycle. 
B. Design Characteristics/Constraints 
1. The RNS system personnel shall fall into the following categories: 
a, Launch operations - including assembly checkout, loading and launch 
of the RNS. 
b. Refurbishment and/or maintenance - on the ground and/or in earth orbit. 
c. Operations - fli3ht crew performing shuttle mission within a spacecraft 
attached to the RNS. 
D. Effectiveness Requirements 
The RNS system and its subsystems shall require a minimum of highly skilled 
and specialized support personnel. 
E. Interface Requirements 
RNS support personnel shall be capable of supporting other projects, e.g., 
space shuttle. 
TRAIN k l i D  P R O V I D E  S U P P O R T  PERSONNEL 9.0 

